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ABSTRACT
From targeted observations of ground-state OH masers towards 702 Multibeam
(MMB) survey 6.7-GHz methanol masers, between Galactic longitudes 186◦ through
the Galactic centre to 20◦, made as part of the ‘MAGMO’ project, we present the
physical and polarisation properties of the 1720-MHz OH maser transition, including
the identification of Zeeman pairs. We present 10 new and 23 previously catalogued
1720-MHz OH maser sources detected towards star formation regions. In addition,
we also detected 16 1720-MHz OH masers associated with supernova remnants and
two sites of diffuse OH emission. Towards the 33 star formation masers, we identify
44 Zeeman pairs, implying magnetic field strengths ranging from −11.4 to +13.2 mG,
and a median magnetic field strength of |BLOS | ∼ 6 mG. With limited statistics, we
present the in-situ magnetic field orientation of the masers and the Galactic magnetic
field distribution revealed by the 1720-MHz transition. We also examine the associ-
ation statistics of 1720-MHz OH SFR masers with other ground-state OH masers,
excited-state OH masers, class I and class II methanol masers and water masers, and
compare maser positions with mid-infrared images of the parent star forming regions.
Of the 33 1720-MHz star formation masers, ten are offset from their central exciting
sources, and appear to be associated with outflow activity.
Key words: maser – magnetic field – star formation
1 INTRODUCTION
High-mass star forming regions are familiar hosts to maser
emission from the paramagnetic molecule hydroxyl (OH),
which is a reliable probe of the small-scale magnetic field in
the early phases of star formation. Zeeman splitting mea-
surements of maser emission lines can be used to determine
magnetic field strengths and line-of-sight direction in star
? E-mail: chikaedu.ogbodo@mq.edu.au
forming regions. The 1720-MHz (2Π3/2J = 3/2, F = 2−1) OH
maser transition is one of the ground-state satellite lines, and
is primarily found in star forming sites (Caswell 1999) and
supernova remnants (Green et al. 1997a) but has also been
seen towards a small number of post-AGB stars and PNe
(e.g. Sevenster & Chapman 2001; Qiao et al. 2016). Detec-
tions in star forming regions commonly accompany ground
and excited-state OH main lines (e.g. Caswell 2004). The
1720-MHz transition requires a much stricter set of condi-
© 2018 The Authors
ar
X
iv
:2
00
1.
06
18
0v
1 
 [a
str
o-
ph
.G
A]
  1
7 J
an
 20
20
2 C. S. Ogbodo et al.
tions compared to the ground-state main lines (e.g. column
densities N(OH)/∆V > 1010 cm−3 s; Cragg et al. 2002).
The four ground-state levels of OH are split in the pres-
ence of magnetic fields into magnetic hyperfine substates –
a phenomenon possible because of the magnetic moment of
diatomic molecules like OH (e.g Gray & Field 1995). Transi-
tions between these substates are denoted by σ+ which is due
to lower→upper substate transitions and σ− which is due to
upper→lower substate transitions. According to the Insti-
tute of Electrical and Electronics Engineers (IEEE) conven-
tion, these σ± components correspond to right-hand circu-
lar polarisation (RHCP) and left-hand circular polarisation
(LHCP). OH maser emission is frequently observed to have
Zeeman pairs, with the RHCP and LHCP components sep-
arated in frequency with consequently different local stan-
dard of rest (LSR) velocities. The LSR velocity separation
between circular polarization components of OH masers as-
sociated with star forming regions are typically larger than
their spectral linewidth leading to clearly resolved Zeeman
splitting. In this case, magnetic field strength is directly pro-
portional to the velocity separation and is evaluated by ap-
plying the Zeeman splitting (Lande) factor corresponding to
the transition. The line of sight magnetic field orientation is
given by which of the RHCP or LHCP components is shifted
to higher and lower frequencies.
Magnetic fields are pervasive across all scales in the
Galaxy, but restricting their study to star forming regions al-
lows us to investigate magnetic fields on smaller scales than
recent larger scale studies in the diffuse interstellar medium
primarily using Faraday rotation measures (Han et al. 2006;
Brown et al. 2007; Mao et al. 2010; Van Eck et al. 2011).
It is to this end that the MAGMO project (Mapping the
Galactic Magnetic field through OH masers) was designed,
with initial results from the pilot study (Green et al. 2012b)
focusing on the main line transitions of sources located near
the Carina-Sagittarius spiral arm tangent (280◦ < l < 295◦).
Green et al. (2012b) further describes the details and the
motivation behind the MAGMO project.
As the first in a series of results, this work undertakes a
polarimetric and magnetic field investigation using the 1720-
MHz OH maser transition. In this paper, we focus only on
the 1720-MHz line, and only include detections in the other
three ground-state OH lines when 1720-MHz maser emission
is found. Full analysis and results of the main-lines will be
the subject of a future publication.
In Section 2, we summarise the observations and data
processing; while Section 3 presents results from the reduced
data; and finally, Section 4 discusses our results and analysis.
2 OBSERVATIONS, DATA REDUCTION AND
ANALYSIS
Observations were made with a 6-km array configuration
(6B) of the Australia Telescope Compact Array (ATCA)
over the period 2010 May to 2012 June with project code
C2291 as part of the MAGMO project (Green et al. 2012b),
and are available in the raw ATCA data format online
via the Australia Telescope Online Archive1. Observations
1 https://atoa.atnf.csiro.au
utilised the CFB 1M-0.5k mode of the Compact Array
Broadband Backend, (CABB; Wilson et al. 2011) with
‘zoom’ bands configured to cover the four ground-state tran-
sitions of hydroxyl at 1612.2310, 1665.4018, 1667.3590 and
1720.5300 MHz (Lovas et al. 1979). The correlator was con-
figured with 4096 channels across 4 × 2 MHz giving a chan-
nel width of 0.5 kHz and a velocity channel width of 0.091,
0.088, 0.088 and 0.085 km s−1 for the transitions as stated
in the order above. Based on the evidence that 6.7-GHz
methanol masers solely trace sites of high-mass star forma-
tion (e.g. Minier et al. 2003; Breen et al. 2013), targeted ob-
servations were made of 6.7-GHz methanol masers, detected
in the MMB survey (Caswell et al. 2010; Green et al. 2010;
Caswell et al. 2011b; Green et al. 2012a; Breen et al. 2015)
in the Galactic longitude range 186◦ through the Galactic
Centre to 20◦. For each of the MMB targets, five observa-
tions of six minutes were typically made across a time span
of 10 to 12 hours to obtain full synthesis and an average inte-
gration time of 30 minutes. Sources were clustered in groups
of 5 or fewer such that they could be bracketed with ob-
servations of an appropriate phase calibrator (within 10◦ of
each source). PKS B1934−638 was observed for both abso-
lute flux calibration and bandpass calibration (with the ex-
ception of 189.032+0.809 and 189.776+0.346 for which PKS
B0823−500 was used). As an integral part of the observa-
tions, the ATCA’s dipole linear receivers provided the full
polarisation products, XX, YY, XY and YX, to enable the
generation of the Stokes parameters I, Q, U and V . Multiple
observations of the phase calibrators yielded good parallac-
tic angle coverage which enabled calibration of instrumen-
tal polarisation leakages. In some cases the phase calibrator
had significant intrinsic polarisation and so PKS B1934−638
which has no detected linear polarisation and circular polar-
isation of the order 0.01% at these frequencies 2, was used
instead. The median value of the leakage solutions with the
phase calibrators was 0.05% for Stokes Q and 0.01% for
Stokes U. PKS B1934−638 solutions are typically good to
0.01% for both Q and U. See Table 1 for the list of calibra-
tors used. The Australia Telescope National Facility’s data
processing software package, MIRIAD, was used for the data
reduction. For every targeted field, cleaned Stokes I image
cubes were generated, and inspected spatially and spectrally
for emission. The size of the synthesized beam at full width
at half-maximum (FWHM) in these images was typically
∼7 arcsec in right-ascension and between ∼ 7–16 arcsec in
declination, depending on source declination. Typical per-
channel rms noise levels (σ) were ∼40 mJy. Where emission
was present above the 5σ detection limit of 0.2 Jy, source po-
sitions were obtained from a two-dimensional parabolic fit
in the image plane containing the brightest spectral feature.
We assumed the rms positional error in each coordinate was
∼0.4 arcsec based on Caswell (1998).
Stokes I, Q, U and V spectra were then extracted (with
an appropriate phase shift to the fitted position) from the
uv data. Spectra were scaled by primary beam correction
factors for sources offset from the pointing centre. The final
set of linear (lin), and circular (RHCP and LHCP) spectra
were obtained from the Stokes I, Q, U and V products using
lin =
√
Q2 +U2, RHCP = I+V2 and LHCP =
I−V
2 .
2 https://www.narrabri.atnf.csiro.au/calibrators
MNRAS 000, 1–32 (2018)
1720-MHz OH masers 3
The RHCP and LHCP profiles were inspected for Zee-
man pairs, which are identified on the basis of their spec-
tral profile shapes, and we have assumed that we are in the
‘far’ splitting regime where the split components are clearly
separated in frequency. We note that this approach is com-
mon in magnetic field studies with masers (e.g. Davies 1974;
Fish et al. 2003; Caswell 2004; Caswell et al. 2013, 2014),
and and does not require the differential of the Stokes I to
determine Zeeman pairs. We then performed Gaussian fits
to the spectra to obtain centroid velocities for the identi-
fied components. We qualify our certainty of the Zeeman
pair association in spectral and spatial domains with let-
ters: class “A” refers to robustly identified Zeeman pairs; i.e.
those with comparable profile shapes and FWHM (identical
to within 1σ), and for which there is minimal ambiguity in
the association of corresponding RHCP and LHCP compo-
nents; and class “B” refers to cases where multiple compo-
nents are blended spectrally, and for which the identifica-
tion of corresponding RHCP and LHCP pairs is ambiguous.
These classifications refer purely to the quality of the Zee-
man pair identification; we separately define the statistical
significance of fields later based on the velocity separation
and uncertainties. The line-of-sight magnetic field strengths
are derived from the velocity differences of the Zeeman-pairs,
using the Lande splitting factor of the 1720-MHz OH line
(0.113 km s−1mG−1, Palmer & Zuckerman 1967). Uncertain-
ties associated with the magnetic field strengths are derived
in quadrature using half of the spectral velocity channel
width (0.085 km s−1) and the fitted centroid error of the
associated component.
As a result of the quadrature summation of Q and U,
the linearly polarised intensity ends up as a positive quan-
tity, leading to a polarisation bias that has to be corrected
for. For non-detections (lin < 3σ), a robust upper limit may
be estimated by linUL = lin + 2σ (Vaillancourt 2006). Here
we assumed that the uncertainties on Stokes U and Q are
identical, given by the spectral rms noise, σ, and that this
value also describes the uncertainty on lin. For cases with
detections above the 4σ level, we corrected for polarisation
bias using lincorr =
√
lin2 − σ2 (Simmons & Stewart 1985).
Based on these corrections, the fractional linear polarisa-
tion (Pl) is then either given by Pl =
linUL
I or Pl =
lincorr
I .
Assuming that the polarisation fraction noise is Gaussian
and that Stokes Q and U are uncorrelated, we may ade-
quately quantify the associated uncertainties on the polar-
isation fraction using the Geometric uncertainty estimator
(Equation 27 in Montier et al. 2015) for linσ between 0.5–
4, and the Conventional estimator for sources with higher
signal-to-noise (Equation 28 in Montier et al. 2015). On the
other hand, fractional circular polarisation (Pc = VI ) is not
affected by these issues, and uncertainties are treated in the
normal way.
Source distances were obtained via several methods. For
the star formation 1720 MHz OH masers, direct parallax
measurements of nearby masers were used where available
(four sources; Reid et al. 2014; Wu et al. 2014; Krishnan et al.
2015) and the remaining distances were taken from Green &
McClure-Griffiths (2011) and Green et al. (2017), who used
HI self-absorption-resolved kinematic distance estimates and
the Bayesian method outlined in Reid et al. (2016), respec-
tively. For completeness and consistency, we also computed
Table 1. List of the flux/bandpass, phase and polarisation cali-
brators associated with each source.
Source name Flux & Phase polarisation
Bandpass
189.032+0.809 B0823−500 0550+032 0550+032
189.776+0.346 B0823−500 0550+032 0550+032
306.322−0.334 B1934−638 1352−63 1352−63
323.459−0.079 B1934−638 1352−63 B1934−638
328.165+0.586 B1934−638 1613−586 1613−586
328.808+0.633 B1934−638 1613−586 1613−586
329.339+0.148 B1934−638 1613−586 1613−586
330.953−0.180 B1934−638 1613−586 1613−586
336.941−0.156 B1934−638 1613−586 1613−586
337.612−0.060 B1934−638 1613−586 1613−586
339.622−0.120 B1934−638 1740−517 1740−517
339.884−1.259 B1934−638 1740−517 1740−517
340.785−0.096 B1934−638 1740−517 1740−517
344.582−0.023 B1934−638 1622−297 B1934−638
345.003−0.224 B1934−638 1740−517 1740−517
345.117+1.592 B1934−638 1740−517 1740−517
345.495+1.462 B1934−638 1622−297 B1934−638
345.497+1.461 B1934−638 1622−297 B1934−638
348.727−1.039 B1934−638 1622−297 B1934−638
350.112+0.095 B1934−638 1740−517 1740−517
350.686−0.491 B1934−638 1710−269 1710−269
351.158+0.699 B1934−638 1740−517 1740−517
351.419+0.646 B1934−638 1622−297 B1934−638
351.774−0.537 B1934−638 1710−269 1710−269
353.410−0.360 B1934−638 1740−517 1740−517
357.557−0.321 B1934−638 1830−210 1830−210
359.970−0.456 B1934−638 1622−297 B1934−638
000.376+0.040 B1934−638 1830−210 1830−210
000.665−0.036 B1934−638 1830−210 1830−210
008.669−0.356 B1934−638 1830−210 1830−210
010.474+0.027 B1934−638 1710−269 1710−269
011.034+0.062 B1934−638 1710−269 1710−269
017.638+0.158 B1934−638 1908−201 B1934−638
269.141−1.214 B1934−638 0823−500 0823−500
337.801−0.053 B1934−638 1613−586 1613−586
349.729+0.166 B1934−638 1830−210 1830−210
349.731+0.173 B1934−638 1830−210 1830−210
349.734+0.172 B1934−638 1830−210 1830−210
358.936−0.485 B1934−638 1830−210 1830−210
358.983−0.652 B1934−638 1830−210 1830−210
359.940−0.067 B1934−638 1740−517 1740−517
001.010−0.225 B1934−638 1830−210 1830−210
006.584−0.052 B1934−638 1710−269 1710−269
006.687−0.296 B1934−638 1710−269 1710−269
006.696−0.284 B1934−638 1710−269 1710−269
006.698−0.281 B1934−638 1710−269 1710−269
006.700−0.280 B1934−638 1710−269 1710−269
006.703−0.283 B1934−638 1710−269 1710−269
006.706−0.281 B1934−638 1710−269 1710−269
012.803-0.202 B1934−638 1830−210 1830−210
019.610−0.234 B1934−638 1908−201 1908−201
distances to our supernova remnant masers and diffuse OH
detections using the Reid et al. (2016) method, though we
note that these distances are not used in any further scien-
tific analysis.
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3 RESULTS
3.1 Detections, Non-Detections and Associations
1720-MHz OH emission was detected at a total of 51 po-
sitions. These detections include maser lines in supernova
remnants (SNR), star formation regions (SFR) and also dif-
fuse OH. Considering that 6.7-GHz methanol masers mark
regions of high-mass star formation, the angular offset be-
tween the targeted 6.7-GHz sources and the masers detected
in this study was adopted as the primary criterion to ver-
ify association with star formation sites. 1720-MHz OH and
6.7-GHz methanol maser association is further discussed in
Section 4.1.2. Secondarily, we searched the SIMBAD Astro-
nomical Database, and available compact source catalogues,
primarily, the 870 µm ATLASGAL survey (Schuller et al.
2009; Csengeri et al. 2014; Contreras et al. 2013; Urquhart
et al. 2015) for any identifiable association within the broad
phase of high-mass star formation, which includes ultracom-
pact Hii (UCHii) regions, and compact dust clumps. We
also searched the literature for previous detections and pub-
lished associations. As a result of this process, we identified
33 SFR masers, of which 10 are new detections, and 16 SNR
masers, of which two are new detections. We also made two
serendipitous detections of diffuse OH, 012.803−0.202 and
019.610−0.234, seen in contrast against bright, compact con-
tinuum emission. These are discussed further in their indi-
vidual source notes in Section 3.5.
Table 2 lists 11 1720-MHz OH masers reported by
Caswell (2004) but not detected within the 5σ detection
limit (0.2 Jy) of the current observations. Three of these 11
undetected sources had peak flux densities ≤ 0.2 Jy in the
Caswell (2004) observations, and of the three sources that
were observed at multiple epochs, two fell below the detec-
tion limit on one of the observation epochs. Table 3 lists de-
tected sources with their observed properties: source names
and coordinates, the angular offset between MAGMO 1720-
MHz OH and the MMB’s 6.7-GHz CH3OH masers (Caswell
et al. 2010; Green et al. 2010; Caswell et al. 2011b; Green
et al. 2012a), peak flux densities, peak velocities, velocity
range, distances, date of observation and references if pre-
viously detected. Polarisation properties and inferred mag-
netic properties are considered later.
Figures 1, 2 and 3 show the Stokes I, linear polarisation,
RHCP and LHCP spectra for the star formation masers,
diffuse OH sources and SNR masers, respectively.
3.2 Flux density distribution
A histogram of peak flux densities (defined as the bright-
est channel in each Stokes I spectrum) is shown in Figure
4. The observed range of peak flux densities is similar for
both SFR and SNR masers, with SFR masers falling in the
range 0.5−101.3 Jy and SNR masers between 0.2−102.3 Jy.
The medians of the two distributions are 1.3 Jy for the SFR
masers and 4.2 Jy for the SNR masers.
3.3 Velocity distribution
The SFR masers fall within a peak velocity range of −106.9
to 64.7 km s−1, and the SNR masers within a range of −44.9
Table 2. List of previously known 1720-MHz SFR masers and
their flux densities (or detection limits) from Caswell (2004),
which were not detected in the current study. The superscripts
refer to the epochs at which the sources were observed: 11997,
22001, 3April 2002, 4September 2002, 52003.
Source name Velocity Flux density
(km s−1) (Jy)
290.375+1.666 −20.5 0.62
300.969+1.147 −42.2 0.352, 0.353, 0.354
310.146+0.760 −55.0 1.203
336.822+0.028 −76.0 0.144
336.994−0.027 −126.0 0.32
338.075+0.012 −53.0 0.353, 0.164
338.925+0.557 −61.0 0.801, <0.153
348.550−0.979 −19.7 2.63
005.885−0.392 −13.9 0.174
012.680−0.183 63.0 0.202
012.908−0.260 32.5 1.202
to 66.3 km s−1. The 1720-MHz masers with the widest ve-
locity spreads in the star formation and SNR categories are
340.785−0.096 and 006.706−0.281, with velocity ranges of
7.5 km s−1 and 6.0 km s−1, respectively. In general we find
the star formation masers to have slightly smaller velocity
ranges than the SNR masers (mean and median values of
2.7 and 2.3 for the star formation and 3.0 and 3.0 km s−1
for the SNR masers). Additionally, we report ∼0.4 km s−1 as
the median value of the FWHM for both RHCP and LHCP
profiles of the SFR masers – consistent with typical OH SFR
maser linewidths (e.g. Fish et al. 2003; Caswell 2004; Caswell
et al. 2013, 2014). With a median value of ∼0.9 km s−1, the
FWHM linewidth of the SNR masers is generally broader
than the SFR masers.
3.4 Magnetic field measurements of present and
past studies
We tested for consistency between the magnetic field
strengths derived in this work and those reported for the
26 common sources observed (with the Parkes telescope) by
Caswell (2004). Figure 5 shows a scatter plot of the abso-
lute values of our magnetic field strength measurements and
those measured by Caswell (2004). In cases where multi-
ple components are present, we compare matching Zeeman
pairs. On the figure, the unbroken red line corresponds to
a one-to-one line between these measurements, while the
dashed lines represent the ±3σ offsets from the red line,
defined from the uncertainties on the magnetic field mea-
surements of this study. Most of the sources fall within
3σ of the one-to-one line, showing that the general agree-
ment between our values and previous values is excellent,
and that there is no suggestion of any systematic error,
even though the measurements were obtained at separate
times and with different instruments. The extreme outlying
source(s) above (000.665−0.036) and below (345.495+1.462
and 017.638+0.158) the broken lines appear to have un-
dergone an increase and decrease in their magnetic field
strengths respectively.
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Table 3. Properties of detected 1720-MHz OH emission broken into the three categories (separated by a double ruled line) of SFR
masers (top), SNR masers (middle) and diffuse OH (bottom). Column 1 is the source name in Galactic coordinates. Positions are given
in equatorial coordinates in columns 2 & 3; column 4 is the angular offset between MAGMO 1720-MHz OH and the MMB’s 6.7-GHz
CH3OH masers; columns 5 & 6 are the Stokes I peak flux densities obtained from the spectral channel and peak velocities measured at the
maximum pixel. Column 7 gives the minimum and maximum velocity of each source. Column 8 are the distances, where superscripts are
references to published works (aGreen & McClure-Griffiths 2011, bGreen et al. 2017, cReid et al. 2014, dKrishnan et al. 2015, eWu et al.
2014). Entries marked with “a” are kinematic distances derived using associated methanol maser velocities, with the distance ambiguity
broken via the HI self-absorption method; “b” refers to distances derived using the Reid et al. (2016) tool; entries with no superscripts
are distances derived in this work, also using the Reid et al. (2016) method; “c, d & e” are directly measured maser parallax distances.
In order, the eight and last columns lists the date of observation; and references to previous detections (1: MacLeod 1997, 6: Gaume &
Mutel 1987, 2: Caswell 2004, 3 Caswell 1999, 4 Caswell 2001, 5: Caswell & Haynes 1983, 7: Frail et al. 1996, 8: Yusef-Zadeh et al. 1995,
9: Yusef-Zadeh et al. 1996, 10: Yusef-Zadeh et al. 1999, 11: Claussen et al. 1997, 12: Qiao et al. 2018, 13: Beuther et al. 2019) or “N” if
newly detected.
Source name RA DEC CH3OH Peak Peak Velocity Dist. Date Ref.
(J2000) (J2000) offset flux velocity range of Obs.
h : m : s ◦ : ′ : ′′ (′′) (Jy) (kms−1) (kms−1) (kpc)
189.032+0.809 06:08:46.73 +21:31:43.97 90 1.34 ± 0.04 3.5 3.0,4.0 a2.0+1.0−1.0 01/2012 N
189.776+0.346 06:08:35.20 +20:39:14.16 8 1.47 ± 0.04 12.4 10.5,14.0 a2.0+1.0−1.0 01/2012 N
306.322−0.334 13:21:23.03 −63:00:29.54 <1 2.04 ± 0.04 −23.4 −20.5,−24.5 a1.5+0.6−0.5 09/2011 1,2
323.459−0.079 15:29:19.35 −56:31:21.99 <1 1.78 ± 0.04 −68.3 −68.0,−69.0 a3.8+0.4−0.4 01/2012 2
328.165+0.586 15:52:42.58 −53:09:52.46 3 0.45 ± 0.05 −87.9 −85.5,−89.0 b5.5+0.6−0.6 01/2012 N
328.808+0.633 15:55:48.52 −52:43:06.21 <1 29.19 ± 0.05 −43.2 −42.5,−43.7 a2.6+0.4−0.4 12/2011 1,2,3
329.339+0.148 16:00:33.12 −52:44:39.77 <1 1.32 ± 0.04 −106.9 −106.3,−108.0 b7.3+1.1−1.1 12/2011 2,4
330.953−0.180 16:09:52.01 −51:54:52.04 7 0.75 ± 0.06 −86.2 −85.0,−86.8 a4.7+0.3−0.3 01/2012 2
336.941−0.156 16:35:55.18 −47:38:45.75 <1 1.71 ± 0.06 −69.4 −68.0,−70.0 b11.1+0.4−0.4 01/2012 2
337.612−0.060 16:38:09.53 −47:05:00.56 <1 0.83 ± 0.05 −40.2 −39.5,−41.5 b12.5+0.5−0.5 01/2012 2
339.622−0.120 16:46:05.95 −45:36:43.68 <1 6.75 ± 0.04 −34.0 −32.0,−37.3 b13.1+0.5−0.5 01/2011 1,2,3
339.884−1.259 16:52:04.66 −46:08:34.13 <1 31.85 ± 0.04 −37.8 −33.6,−39.0 d2.1+0.4−0.3 09/2011 2,4
340.785−0.096 16:50:14.81 −44:42:26.40 <1 1.47 ± 0.04 −105.6 −99.5,−107.0 a10.6+0.2−0.2 01/2011 2,5
344.582−0.023 17:02:57.73 −41:41:52.98 <1 3.24 ± 0.04 −3.9 −3.5,−4.6 b17.8+1.1−1.1 01/2012 N
345.003−0.224 17:05:11.21 −41:29:07.04 <1 37.00 ± 0.06 −29.3 −28.5,−29.8 b2.7+0.5−0.5 12/2010 1,2
345.117+1.592 16:57:57.96 −40:16:50.24 818 8.13 ± 0.06 −16.6 −15.5,−17.5 1.4+0.1−0.1 12/2010 2
345.495+1.462 16:59:43.71 −40:03:53.85 20 0.69 ± 0.04 −24.0 −26.5,−23.0 a1.5+0.6−0.8 01/2012 2
345.497+1.461 16:59:44.07 −40:03:50.71 20 1.57 ± 0.04 −21.3 −23.5,−17.5 a1.5+0.6−0.8 01/2012 2
348.727−1.039 17:20:06.88 −38:57:12.43 5 1.11 ± 0.04 −13.4 −12.5,−14.7 c3.4+0.3−0.3 01/2012 N
350.112+0.095 17:19:25.36 −37:10:06.67 49 0.66 ± 0.07 −66.1 −63.5,−67.0 10.5+0.4−0.4 12/2010 N
350.686−0.491 17:23:28.65 −37:01:48.73 <1 2.95 ± 0.04 −15.1 −13.0,−16.7 a2.1+0.8−1.0 06/2012 2
351.158+0.699 17:19:56.30 −35:57:53.10 15 8.78 ± 0.04 −8.6 −7.5,−10.5 1.4+0.1−0.1 12/2010 N
351.419+0.646 17:20:53.33 −35:47:02.08 1 101.34 ± 0.08 −9.8 −9.2,−11.0 e1.3+0.6−0.5 01/2012 2,6
351.774−0.537 17:26:42.49 −36:09:19.83 2 6.28 ± 0.05 4.3 −2.0,5.0 b1.3+0.1−0.1 06/2012 1,2,3
353.410−0.360 17:30:26.17 −34:41:44.73 <1 13.63 ± 0.04 −19.4 −18.7,−21.0 b3.7+0.8−0.8 01/2011 2,5
357.557−0.321 17:40:57.11 −31:10:59.67 1 0.84 ± 0.05 −0.2 0.3,−1.0 b17.5+3.1−3.1 01/2011 N
359.970−0.456 17:47:20.09 −29:11:56.84 3 0.46 ± 0.06 15.7 14.0,17.5 b5.5+4.5−4.5 01/2011 N
000.376+0.040 17:46:21.42 −28:35:39.39 <1 1.01 ± 0.07 41.2 40.5,41.8 b12.9+3.7−3.7 01/2011 N
000.665−0.036 17:47:20.01 −28:23:13.19 <1 1.53 ± 0.07 61.4 60.0,64.0 a7.9+0.8−0.7 01/2011 1,2
008.669−0.356 18:06:19.02 −21:37:33.49 1 2.25 ± 0.07 39.7 39.0,40.5 a4.4+0.4−0.4 12/2010 2
010.474+0.027 18:08:38.32 −19:51:45.28 5 1.57 ± 0.06 64.7 64.2,65.4 c8.5+0.6−0.5 01/2012 2,3
011.034+0.062 18:09:39.83 −19:21:21.71 1 1.63 ± 0.04 23.1 21.3,24.0 a2.4+0.6−0.8 01/2012 2,3
017.638+0.158 18:22:26.09 −13:30:08.99 4 0.48 ± 0.04 28.6 27.0,29.3 a2.0+0.5−0.6 06/2012 2,13
269.141−1.214 09:03:07.53 −48:30:56.15 309 4.35 ± 0.04 10.6 8.5,13.0 2.4+0.9−0.9 09/2011 N
337.801−0.053 16:38:52.14 −46:56:17.06 345 2.02 ± 0.05 −44.9 −43.5,−46.8 12.3+0.5−0.5 01/2012 2
349.729+0.166 17:18:01.44 −37:26:24.94 599 1.58 ± 0.04 16.8 16.0,17.5 20.9+3.0−3.0 05/2010 7
349.731+0.173 17:18:00.00 −37:26:09.08 588 0.85 ± 0.04 16.4 15.0,18.0 20.8+3.0−3.0 05/2010 7
349.734+0.172 17:18:00.88 −37:26:01.80 578 2.61 ± 0.04 15.3 14.6,16.0 20.4+2.9−2.9 05/2010 7
358.936−0.485 17:44:58.15 −30:05:49.17 970 3.62 ± 0.07 −6.8 −5.5,−7.7 2.7+0.3−0.3 01/2011 8,12
358.983−0.652 17:45:44.65 −30:08:39.24 594 0.84 ± 0.05 −0.2 −5.5,−7.5 2.7+0.2−0.2 01/2011 N
359.940−0.067 17:45:44.33 −29:01:19.97 1007 9.54 ± 0.04 66.3 64.5,68.0 10.9+0.2−0.2 05/2010 9
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Table 3. −continued
Source name RA DEC CH3OH Peak Peak Velocity Dist. Date Ref.
(J2000) (J2000) offset flux velocity range of Obs.
h : m : s ◦ : ′ : ′′ (′′) (Jy) (kms−1) (kms−1) (kpc)
001.010−0.225 17:48:52.69 −28:11:19.12 45 0.71 ± 0.06 −1.3 −0.5,−2.5 3.3+0.1−0.1 01/2011 10
006.584−0.052 18:00:43.86 −23:17:27.46 258 5.79 ± 0.06 6.1 4.0,8.0 2.9+0.2−0.2 01/2012 11
006.687−0.296 18:01:52.65 −23:19:24.27 415 102.34 ± 0.06 11.3 9.0,12.5 2.9+0.2−0.2 01/2012 11
006.696−0.284 18:01:51.07 −23:18:34.38 371 15.50 ± 0.06 10.4 9.0,11.5 2.9+0.2−0.2 01/2012 11
006.698−0.281 18:01:50.57 −23:18:18.59 357 6.36 ± 0.06 15.7 14.0,17.0 2.9+0.2−0.2 01/2012 11
006.700−0.280 18:01:50.67 −23:18:13.25 352 14.66 ± 0.06 13.4 12.0,15.5 2.9+0.2−0.2 01/2012 11
006.703−0.283 18:01:51.66 −23:18:06.92 342 12.05 ± 0.06 9.4 8.0,11.0 2.9+0.2−0.2 01/2012 11
006.706−0.281 18:01:51.58 −23:17:56.25 332 35.79 ± 0.05 11.8 8.5,14.5 2.9+0.2−0.2 01/2012 11
012.803-0.202 18:14:13.96 −17:55:55.27 434 0.64 ± 0.05 32.5 30.0,34.0 3.0+0.3−0.3 01/2011 N
019.610−0.234 18:27:38.02 −11:56:31.99 6 0.56 ± 0.05 43.9 40.5,47.0 3.3+0.2−0.2 06/2012 13
Table 4. Peak flux densities and velocities of Zeeman pairs with derived magnetic field strengths and directions of SFR masers (top),
SNR masers (middle) and diffuse OH sources (bottom). Columns 2 & 3 are the Gaussian fitted peak flux density and velocity of RHCP
components (where present), while columns 4 & 5 are the fitted LHCP counterparts. Uncertainties in columns 2, 3, 4 & 5 are the
Gaussian fit errors. Column 6 is the inferred magnetic field strength: positive field strengths indicate a field oriented away from us,
negative field strengths indicate a field oriented towards us. Italicized items in column 6 are field strengths detected at less than the 3σ
level, while those in parenthesis are the measurements of Caswell (2004). Column 7 is the reliability of the Zeeman pair association, with
“A” indicating a reliable association, and “B” an ambiguous association (see also in-text description).
Source name RHCP LHCP Magnetic field Reliability
Speak (Jy) Vpeak (km s−1) Speak (Jy) Vpeak (km s−1) (mG)
189.032+0.809 1.06 ± 0.03 3.56 ± 0.01 0.45 ± 0.04 3.50 ± 0.01 +0.5 ± 0.4 A
189.776+0.346 0.89 ± 0.05 11.73 ± 0.03 0.79 ± 0.01 12.58 ± 0.02 −7.5 ± 0.4 B
0.77 ± 0.02 12.35 ± 0.03 0.77 ± 0.01 13.52 ± 0.02 −10.4 ± 0.4 B
306.322−0.334 0.34 ± 0.02 −23.89 ± 0.03 − − − −
0.61 ± 0.03 −22.66 ± 0.01 1.85 ± 0.01 −23.44 ± 0.02 +6.9 ± 0.4 (+6.0) B
0.98 ± 0.03 −21.56 ± 0.01 1.19 ± 0.01 −22.28 ± 0.01 +6.4 ± 0.4 B
323.459−0.079 1.21 ± 0.02 −68.33 ± 0.01 0.62 ± 0.02 −68.38 ± 0.01 +0.4 ± 0.4 (+0.5) A
328.165+0.586 0.31 ± 0.02 −86.43 ± 0.02 0.34 ± 0.02 −87.92 ± 0.02 +13.2 ± 0.4 A
328.808+0.633 17.97 ± 0.03 −43.115 ± 0.01 17.07 ± 0.04 −43.275 ± 0.01 +1.4 ± 0.4 (+1.5) A
329.339+0.148 − − 0.79 ± 0.03 −106.95 ± 0.01 − −
0.71 ± 0.02 −106.79 ± 0.01 1.03 ± 0.03 −107.34 ± 0.01 +4.9 ± 0.4 (+4.0) A
330.953−0.180 0.38 ± 0.01 −85.935 ± 0.02 0.46 ± 0.01 −86.12 ± 0.02 +1.6 ± 0.4 (+2.0) A
336.941−0.156 1.14 ± 0.03 −68.43 ± 0.01 1.76 ± 0.03 −69.35 ± 0.01 +8.1 ± 0.4 (+6.0) A
337.612−0.060 0.53 ± 0.02 −40.91 ± 0.02 0.84 ± 0.02 −40.21 ± 0.01 −6.2 ± 0.4 (−5.7) A
339.622−0.120 0.18 ± 0.01 −36.98 ± 0.03 0.15 ± 0.01 −36.67 ± 0.03 −2.7 ± 0.5 A
4.93 ± 0.01 −33.9 ± 0.01 2.48 ± 0.01 −34.02 ± 0.01 +1.1 ± 0.4 A
− − 0.26 ± 0.02 −32.29 ± 0.02 − −
339.884−1.259 29.97 ± 0.02 −37.85 ± 0.01 14.62 ± 0.30 −36.93 ± 0.01 −8.1 ± 0.4 A
− − 6.93 ± 0.40 −37.55 ± 0.04 − −
2.2 ± 0.01 −34.99 ± 0.01 4.34 ± 0.80 −34.16 ± 0.01 −7.3 ± 0.4 (−6.0) A
340.785−0.096 0.68 ± 0.04 −106.52 ± 0.01 1.41 ± 0.08 −105.57 ± 0.01 −8.4 ± 0.4 (−8.0) A
0.28 ± 0.04 −105.81 ± 0.01 0.35 ± 0.05 −105.06 ± 0.03 −6.6 ± 0.4 A
0.20 ± 0.03 −105.03 ± 0.03 0.21 ± 0.06 −104.35 ± 0.03 −6.0 ± 0.4 (−5.0) A
0.55 ± 0.02 −99.99 ± 0.01 0.55 ± 0.02 −100.61 ± 0.01 +5.5 ± 0.4 (+5.0) A
344.582−0.023 3.19 ± 0.02 −3.85 ± 0.01 3.02 ± 0.02 −4.26 ± 0.01 +3.6 ± 0.4 A
345.003−0.224 1.54 ± 0.02 −28.91 ± 0.01 37.79 ± 0.03 −29.27 ± 0.01 +3.2 ± 0.4 (+3.5) A
345.117+1.592 5.03 ± 0.04 −16.65 ± 0.01 3.60 ± 0.04 −16.44 ± 0.01 −1.9 ± 0.4 (−1.5) A
345.495+1.462 0.29 ± 0.01 −24.96 ± 0.02 0.63 ± 0.01 −24.07 ± 0.02 −7.9 ± 0.4 (−12.0) A
345.497+1.461 0.71 ± 0.01 −18.99 ± 0.01 1.34 ± 0.01 −18.16 ± 0.01 −7.3 ± 0.4 A
0.54 ± 0.01 −22.27 ± 0.02 0.94 ± 0.01 −21.13 ± 0.01 −10.1 ± 0.4 (−10.0) A
348.727−1.039 0.98 ± 0.02 −13.41 ± 0.01 0.68 ± 0.02 −14.01 ± 0.01 +5.3 ± 0.4 A
350.112+0.095 0.60 ± 0.02 −65.97 ± 0.02 1.30 ± 0.02 −64.68 ± 0.04 −11.4 ± 0.5 A
350.686−0.491 3.01 ± 0.01 −15.143 ± 0.01 1.09 ± 0.02 −14.686 ± 0.01 −4.0 ± 0.4 (−4.0) A
1.99 ± 0.01 −14.104 ± 0.01 2.06 ± 0.02 −13.632 ± 0.01 −4.2 ± 0.4 (−4.9) A
351.158+0.699 6.33 ± 0.04 −8.48 ± 0.01 5.21 ± 0.03 −9.07 ± 0.01 +5.2 ± 0.4 A
351.419+0.646 76.98 ± 0.04 −10.56 ± 0.01 102.19 ± 0.04 −9.86 ± 0.01 −6.2 ± 0.4 (−6.4) A
351.774−0.537 0.91 ± 0.02 −1.515 ± 0.01 0.86 ± 0.01 −0.8149 ± 0.01 −6.2 ± 0.4 (−6.0) A
5.85 ± 0.02 4.3438 ± 0.01 3.32 ± 0.02 4.0436 ± 0.01 +2.7 ± 0.4 (+3.0) A
353.410−0.360 4.16 ± 0.02 −19.67 ± 0.01 11.82 ± 0.02 −19.36 ± 0.01 −2.7 ± 0.4 (−2.3) A
357.557−0.321 0.86 ± 0.02 −0.25 ± 0.01 0.28 ± 0.02 −0.52 ± 0.01 +2.4 ± 0.4 A
359.970−0.457 0.3 ± 0.02 16.06 ± 0.04 0.18 ± 0.02 15.18 ± 0.08 +7.8 ± 0.7 B
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Table 4. −continued
Source name RHCP LHCP Magnetic field Reliability
Speak (Jy) Vpeak (km s−1) Speak (Jy) Vpeak (km s−1) (mG)
000.376+0.040 0.43 ± 0.03 41.29 ± 0.01 0.67 ± 0.03 41.12 ± 0.01 +1.5 ± 0.4 A
000.665−0.036 1.07 ± 0.06 61.32 ± 0.01 0.23 ± 0.08 60.57 ± 0.08 +6.6 ± 0.4 (+3.0) A
- - 0.39 ± 0.06 61.39 ± 0.04 - -
0.38 ± 0.06 63.33 ± 0.04 1.06 ± 0.08 62.33 ± 0.01 +8.8 ± 0.4 (+9.0) A
008.669−0.356 1.79 ± 0.06 39.31 ± 0.01 2.07 ± 0.07 39.69 ± 0.01 −3.4 ± 0.4 (−3.0) A
010.474+0.027 0.79 ± 0.02 64.66 ± 0.01 0.82 ± 0.02 64.62 ± 0.01 +0.4 ± 0.4 (−0.0) A
011.034+0.062 0.63 ± 0.02 21.77 ± 0.02 − − − −
1.34 ± 0.02 22.32 ± 0.01 1.67 ± 0.02 23.17 ± 0.01 −7.5 ± 0.4 (−7.0) B
017.638+0.158 0.12 ± 0.01 27.57 ± 0.05 0.47 ± 0.01 28.48 ± 0.01 −8.1 ± 0.5 (−14.0) A
269.141−1.213 2.35 ± 0.01 9.23 ± 0.01 2.52 ± 0.01 10.44 ± 0.01 −10.7 ± 0.4 A
2.01 ± 0.01 10.68 ± 0.01 1.42 ± 0.01 11.97 ± 0.01 −11.4 ± 0.4 A
337.801−0.053 1.04 ± 0.01 −45.09 ± 0.01 1.12 ± 0.01 −45.16 ± 0.01 +0.6 ± 0.4 A
349.729+0.166 0.74 ± 0.04 16.8 ± 0.01 0.74 ± 0.04 16.83 ± 0.01 −0.3 ± 0.4 A
349.731+1.731 0.41 ± 0.02 15.63 ± 0.04 0.37 ± 0.02 15.57 ± 0.07 +0.5 ± 0.6 A
0.42 ± 0.02 16.48 ± 0.06 0.33 ± 0.02 16.58 ± 0.09 −0.9 ± 0.8 A
349.734+0.172 1.25 ± 0.03 15.3 ± 0.01 1.21 ± 0.04 15.29 ± 0.01 +0.1 ± 0.4 A
358.936−0.485 1.95 ± 0.07 −6.78 ± 0.01 1.83 ± 0.07 −6.78 ± 0.02 0.0 ± 0.4 A
358.983−0.652 2.09 ± 0.04 −6.30 ± 0.01 2.13 ± 0.04 −6.30 ± 0.01 0.0 ± 0.4 A
359.940−0.067 4.74 ± 0.07 66.56 ± 0.01 5.18 ± 0.06 66.17 ± 0.01 +3.5 ± 0.4 A
001.010−0.225 0.39 ± 0.02 −1.35 ± 0.02 0.33 ± 0.01 −1.41 ± 0.02 +0.5 ± 0.4 A
006.584−0.052 0.52 ± 0.02 4.8 ± 0.02 0.49 ± 0.02 4.82 ± 0.03 −0.2 ± 0.4 A
2.96 ± 0.02 6.19 ± 0.01 2.89 ± 0.02 6.16 ± 0.01 +0.3 ± 0.4 A
006.686−0.296 28.83 ± 0.03 10.02 ± 0.01 23.23 ± 0.03 9.95 ± 0.01 +0.6 ± 0.4 A
52.37 ± 0.03 11.37 ± 0.01 48.91 ± 0.03 11.31 ± 0.01 +0.5 ± 0.4 A
006.696−0.284 7.339 ± 0.03 10.51 ± 0.01 7.68 ± 0.03 10.44 ± 0.01 +0.6 ± 0.4 A
006.698−0.281 3.16 ± 0.03 15.64 ± 0.01 3.18 ± 0.03 15.63 ± 0.01 +0.1 ± 0.4 A
006.700−0.280 7.49 ± 0.03 13.35 ± 0.01 7.43 ± 0.03 13.31 ± 0.01 +0.4 ± 0.4 A
006.703−0.283 6.25 ± 0.02 9.42 ± 0.01 5.94 ± 0.02 9.37 ± 0.01 +0.4 ± 0.4 A
006.706−0.281 18.93 ± 0.08 11.9 ± 0.01 19.51 ± 0.08 11.83 ± 0.01 +0.6 ± 0.4 A
012.803−0.202 0.21 ± 0.02 32.13 ± 0.07 0.23 ± 0.02 32.13 ± 0.07 +0.1 ± 0.7 A
019.610−0.234 0.22 ± 0.01 43.67 ± 0.06 0.21 ± 0.01 43.66 ± 0.01 +0.1 ± 0.5 A
Table 5. 1720-MHz flux densities of all Stokes parameters and corresponding estimated percentage fractional polarisations, for SFR
masers (top), SNR masers (middle) and diffuse OH sources (bottom). Components are identified in Stokes I by fitting multiple Gaussians.
Column 2 is the Gaussian fitted peak velocity of the Stokes I component; columns 3, 4, 5 & 6 are the flux densities of Stokes I , Q, U
and V at the velocity channel of the fitted Stokes I peak; columns 7 & 8 are the fractional linear (Pl) and circular (Pc) polarisations
respectively. The quoted flux density uncertainties are 1σrms. Uncertainties on Pc are propagated through assuming uncorrelated errors
on the input parameters; uncertainties on Pl are derived as described in Section 2. Italicized items are less than 5σ and flagged as
unreliable.
Source name Velocity I Q U V Pl Pc
km s−1 (Jy) (Jy) (Jy) (Jy) (per cent) (per cent)
189.032+0.809 3.55 ± 0.01 1.34 ± 0.04 0.45 ± 0.04 0.42 ± 0.04 0.41 ± 0.04 46 ± 3 31 ± 3
189.776+0.346 12.46 ± 0.01 1.46 ± 0.04 0.08 ± 0.04 0.01 ± 0.04 0.03 ± 0.04 11 ± 3 2 ± 3
306.322−0.334 −23.42 ± 0.01 2.04 ± 0.04 0.05 ± 0.04 0.09 ± 0.04 1.64 ± 0.04 9 ± 2 80 ± 3
−22.65 ± 0.01 0.90 ± 0.04 0.09 ± 0.04 0.02 ± 0.04 0.33 ± 0.04 19 ± 4 37 ± 5
−22.47 ± 0.01 0.96 ± 0.04 0.13 ± 0.04 0.05 ± 0.04 0.63 ± 0.04 14 ± 4 66 ± 5
−21.57 ± 0.01 0.99 ± 0.04 0.02 ± 0.04 0.05 ± 0.04 1.01 ± 0.04 14 ± 4 102 ± 6
323.459−0.079 −68.35 ± 0.01 1.85 ± 0.04 0.05 ± 0.04 0.15 ± 0.04 0.61 ± 0.05 8 ± 2 33 ± 3
328.165+0.586 −87.92 ± 0.02 0.45 ± 0.05 0.02 ± 0.05 0.08 ± 0.06 0.40 ± 0.06 43 ± 12 89 ± 17
−86.47 ± 0.03 0.43 ± 0.05 0.03 ± 0.05 0.02 ± 0.06 0.27 ± 0.06 34 ± 13 63 ± 16
328.808+0.633 −43.18 ± 0.01 30.43 ± 0.05 0.01 ± 0.05 0.19 ± 0.05 7.17 ± 0.05 0.6 ± 0.2 24.0 ± 0.2
329.339+0.148 −106.86 ± 0.01 1.32 ± 0.04 0.01 ± 0.04 0.1 ± 0.04 0.30 ± 0.04 14 ± 3 23 ± 3
−107.33 ± 0.01 1.07 ± 0.04 0.01 ± 0.04 0.01 ± 0.04 1.11 ± 0.04 9 ± 4 104 ± 5
330.953−0.180 −86.03 ± 0.01 0.81 ± 0.06 0.04 ± 0.06 0.05 ± 0.06 0.15 ± 0.05 23 ± 7 19 ± 6
336.941−0.156 −69.37 ± 0.01 1.71 ± 0.06 0.01 ± 0.06 0.05 ± 0.06 1.73 ± 0.07 10 ± 4 101 ± 5
−68.39 ± 0.01 1.16 ± 0.06 0.11 ± 0.06 0.01 ± 0.06 1.13 ± 0.07 20 ± 5 97 ± 8
337.612−0.060 −40.84 ± 0.05 0.66 ± 0.05 0.03 ± 0.05 0.05 ± 0.05 0.41 ± 0.05 24 ± 8 62 ± 9
−40.15 ± 0.02 0.85 ± 0.05 0.01 ± 0.05 0.08 ± 0.05 0.80 ± 0.05 21 ± 6 94 ± 8
339.622−0.120 −36.85 ± 0.01 0.25 ± 0.04 0.08 ± 0.04 0.1 ± 0.04 0.12 ± 0.04 49 ± 16 48 ± 18
−33.96 ± 0.01 6.75 ± 0.04 0.01 ± 0.04 0.17 ± 0.04 3.00 ± 0.04 2 ± 1 44 ± 1
−32.32 ± 0.01 0.28 ± 0.04 0.09 ± 0.04 0.09 ± 0.04 0.28 ± 0.04 43 ± 14 100 ± 20
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Table 5. −continued
Source name Velocity I Q U V Pl Pc
km s−1 (Jy) (Jy) (Jy) (Jy) (per cent) (per cent)
339.884−1.259 −37.82 ± 0.03 32.54 ± 0.04 0.31 ± 0.04 3.45 ± 0.04 27.9 ± 0.04 11.0 ± 0.1 86.0 ± 0.2
−36.94 ± 0.06 15.44 ± 0.04 0.21 ± 0.04 0.90 ± 0.04 15.25 ± 0.04 6.0 ± 0.3 99.0 ± 0.4
−34.99 ± 0.09 2.10 ± 0.04 0.02 ± 0.04 0.14 ± 0.04 2.14 ± 0.04 6 ± 2 102 ± 3
−34.16 ± 0.05 4.11 ± 0.04 0.24 ± 0.04 0.19 ± 0.04 4.32 ± 0.04 7 ± 1 105 ± 1
340.785−0.096 −106.53 ± 0.01 0.71 ± 0.04 0.08 ± 0.05 0.07 ± 0.05 0.68 ± 0.04 29 ± 7 96 ± 8
−105.58 ± 0.01 1.47 ± 0.04 0.10 ± 0.05 0.02 ± 0.05 1.39 ± 0.04 14 ± 3 95 ± 4
−105.03 ± 0.01 0.57 ± 0.04 0.03 ± 0.05 0.05 ± 0.05 0.24 ± 0.04 28 ± 9 42 ± 8
−100.61 ± 0.01 0.57 ± 0.04 0.15 ± 0.05 0.01 ± 0.05 0.59 ± 0.04 25 ± 9 104 ± 10
−99.99 ± 0.02 0.54 ± 0.04 0.07 ± 0.05 0.07 ± 0.05 0.59 ± 0.04 37 ± 9 109 ± 11
344.582−0.023 −4.26 ± 0.01 3.06 ± 0.04 0.20 ± 0.04 0.11 ± 0.04 2.96 ± 0.03 7 ± 1 97 ± 2
−3.85 ± 0.01 3.33 ± 0.04 0.46 ± 0.04 0.15 ± 0.04 3.07 ± 0.03 14 ± 1 92 ± 1
345.003−0.224 −29.26 ± 0.01 37.00 ± 0.06 2.61 ± 0.06 1.16 ± 0.06 36.63 ± 0.06 8.0 ± 1 99 ± 1
345.117+1.592 −16.56 ± 0.01 8.13 ± 0.06 0.12 ± 0.06 0.12 ± 0.06 1.99 ± 0.06 4 ± 1 24 ± 1
345.495+1.462 −24.1 ± 0.01 0.69 ± 0.04 0.01 ± 0.04 0.05 ± 0.04 0.56 ± 0.04 19 ± 6 81 ± 7
345.497+1.461 −18.47 ± 0.01 1.23 ± 0.04 0.13 ± 0.04 0.08 ± 0.04 0.42 ± 0.04 12 ± 3 34 ± 3
−21.35 ± 0.01 1.60 ± 0.04 0.09 ± 0.04 0.07 ± 0.04 1.11 ± 0.04 12 ± 2 69 ± 3
348.727−1.039 −14.11 ± 0.02 0.75 ± 0.04 0.01 ± 0.04 0.02 ± 0.04 0.64 ± 0.04 14 ± 5 85 ± 7
−13.46 ± 0.02 1.17 ± 0.04 0.11 ± 0.04 0.05 ± 0.04 0.79 ± 0.04 10 ± 3 68 ± 4
350.112+0.095 −66.06 ± 0.02 0.66 ± 0.07 0.12 ± 0.07 0.01 ± 0.07 0.63 ± 0.07 39 ± 11 95 ± 15
350.686−0.491 −15.14 ± 0.01 2.89 ± 0.05 0.59 ± 0.05 0.11 ± 0.05 2.86 ± 0.06 21 ± 2 99 ± 3
−14.67 ± 0.01 1.21 ± 0.05 0.15 ± 0.05 0.15 ± 0.05 1.08 ± 0.06 17 ± 4 89 ± 6
−14.11 ± 0.01 2.02 ± 0.05 0.41 ± 0.05 0.13 ± 0.05 1.82 ± 0.06 21 ± 2 90 ± 4
−13.63 ± 0.01 2.15 ± 0.05 0.15 ± 0.05 0.29 ± 0.05 2.04 ± 0.06 15 ± 2 95 ± 4
351.158+0.699 −8.62 ± 0.01 8.78 ± 0.04 0.25 ± 0.04 0.57 ± 0.04 4.87 ± 0.04 7.0 ± 0.3 55 ± 1
351.419+0.646 −9.85 ± 0.01 101.89 ± 0.08 11.61 ± 0.08 1.89 ± 0.08 99.3 ± 0.08 12.0 ± 0.1 97.0 ± 0.1
−10.56 ± 0.01 75.77 ± 0.08 2.28 ± 0.08 1.04 ± 0.08 75.38 ± 0.08 2.5 ± 0.1 99.0 ± 0.1
351.774−0.537 −1.52 ± 0.01 0.84 ± 0.05 0.03 ± 0.05 0.01 ± 0.05 0.75 ± 0.06 16 ± 6 89 ± 9
−0.81 ± 0.01 0.80 ± 0.05 0.01 ± 0.05 0.02 ± 0.05 0.83 ± 0.06 15 ± 6 104 ± 10
3.97 ± 0.01 3.45 ± 0.05 0.10 ± 0.05 0.10 ± 0.05 3.15 ± 0.06 7 ± 1 91 ± 2
4.32 ± 0.01 6.78 ± 0.05 0.28 ± 0.05 1.01 ± 0.05 4.13 ± 0.06 15 ± 1 61 ± 1
353.410−0.360 −19.36 ± 0.01 13.85 ± 0.04 1.34 ± 0.04 0.16 ± 0.04 10.1 ± 0.04 10.0 ± 0.3 73.0 ± 0.4
357.557−0.321 −0.29 ± 0.01 0.84 ± 0.05 0.14 ± 0.05 0.14 ± 0.05 0.86 ± 0.05 23 ± 6 102 ± 9
359.970−0.457 15.76 ± 0.04 0.48 ± 0.06 0.11 ± 0.06 0.07 ± 0.06 0.25 ± 0.06 52 ± 13 52 ± 14
000.376+0.040 41.24 ± 0.01 1.01 ± 0.07 0.1 ± 0.07 0.21 ± 0.07 0.25 ± 0.07 22 ± 7 25 ± 7
000.665−0.036 60.71 ± 0.08 0.52 ± 0.07 0.04 ± 0.07 0.06 ± 0.07 0.12 ± 0.07 41 ± 13 23 ± 14
61.36 ± 0.01 1.53 ± 0.07 0.12 ± 0.07 0.05 ± 0.07 0.80 ± 0.07 18 ± 5 52 ± 5
62.33 ± 0.04 1.03 ± 0.07 0.11 ± 0.07 0.06 ± 0.07 1.00 ± 0.07 26 ± 7 97 ± 9
008.669−0.356 39.32 ± 0.02 1.89 ± 0.07 035 ± 0.07 0.26 ± 0.07 1.68 ± 0.07 23 ± 4 89 ± 5
39.69 ± 0.01 2.26 ± 0.07 0.03 ± 0.07 0.04 ± 0.07 1.85 ± 0.07 8 ± 3 82 ± 4
010.474+0.027 64.64 ± 0.01 1.62 ± 0.06 0.03 ± 0.05 0.04 ± 0.06 0.04 ± 0.05 10 ± 3 2 ± 3
011.034+0.062 21.78 ± 0.02 0.71 ± 0.05 0.04 ± 0.05 0.05 ± 0.05 0.65 ± 0.05 23 ± 7 92 ± 10
22.32 ± 0.01 1.41 ± 0.05 0.07 ± 0.05 0.10 ± 0.05 1.23 ± 0.05 16 ± 4 87 ± 5
23.17 ± 0.01 1.64 ± 0.05 0.03 ± 0.05 0.01 ± 0.05 1.58 ± 0.05 8 ± 3 96 ± 4
017.638+0.158 28.42 ± 0.02 0.48 ± 0.04 0.02 ± 0.04 0.02 ± 0.04 0.48 ± 0.04 23 ± 8 100 ± 12
269.141−1.213 9.23 ± 0.01 2.37 ± 0.04 0.07 ± 0.04 0.04 ± 0.04 2.37 ± 0.04 7 ± 2 100 ± 3
10.51 ± 0.01 4.32 ± 0.04 0.03 ± 0.04 0.01 ± 0.04 0.51 ± 0.04 3 ± 1 12 ± 1
11.86 ± 0.01 1.67 ± 0.04 0.02 ± 0.04 0.02 ± 0.04 1.24 ± 0.04 6 ± 2 74 ± 3
337.801−0.053 −45.13 ± 0.01 2.02 ± 0.05 0.16 ± 0.05 0.03 ± 0.05 0.08 ± 0.05 8 ± 2 4 ± 2
349.729+0.166 16.82 ± 0.01 1.59 ± 0.04 0.05 ± 0.04 0.01 ± 0.04 0.03 ± 0.03 8 ± 3 2 ± 2
349.731+1.731 15.6 ± 0.01 0.85 ± 0.04 0.05 ± 0.04 0.18 ± 0.04 0.04 ± 0.03 21 ± 5 5 ± 4
16.52 ± 0.01 0.83 ± 0.04 0.05 ± 0.04 0.01 ± 0.04 0.09 ± 0.03 16 ± 5 11 ± 4
349.734+0.172 15.29 ± 0.01 2.61 ± 0.04 0.06 ± 0.04 0.01 ± 0.04 0.04 ± 0.03 5 ± 2 2 ± 1
358.936−0.485 −6.80 ± 0.01 3.62 ± 0.07 0.22 ± 0.07 0.31 ± 0.07 0.58 ± 0.07 10 ± 2 16 ± 2
358.983−0.652 −6.29 ± 0.01 4.14 ± 0.07 0.06 ± 0.07 0.02 ± 0.07 0.09 ± 0.07 5 ± 2 2 ± 2
359.940−0.067 66.35 ± 0.01 9.54 ± 0.04 0.41 ± 0.04 0.13 ± 0.04 1.45 ± 0.03 4.5 ± 0.4 15.0 ± 0.3
001.010−0.225 −1.38 ± 0.01 0.72 ± 0.06 0.01 ± 0.05 0.01 ± 0.05 0.07 ± 0.05 16 ± 7 10 ± 7
006.584−0.052 4.81 ± 0.01 1.06 ± 0.06 0.12 ± 0.06 0.01 ± 0.06 0.06 ± 0.06 23 ± 6 6 ± 6
6.17 ± 0.01 5.91 ± 0.06 0.03 ± 0.06 0.16 ± 0.06 0.17 ± 0.06 5 ± 1 3 ± 1
006.686−0.296 9.9 ± 0.01 53.13 ± 0.06 4.29 ± 0.06 0.29 ± 0.06 4.81 ± 0.06 8.0 ± 0.1 9.0 ± 0.1
11.4 ± 0.01 103.32 ± 0.06 6.22 ± 0.06 3.01 ± 0.06 6.67 ± 0.06 7.0 ± 0.1 6.5 ± 0.1
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Table 5. −continued
Source name Velocity I Q U V Pl Pc
km s−1 (Jy) (Jy) (Jy) (Jy) (per cent) (per cent)
006.696−0.284 10.04 ± 0.01 15.07 ± 0.06 0.10 ± 0.06 0.02 ± 0.06 0.38 ± 0.06 1 ± 1 2 ± 1
006.698−0.281 15.63 ± 0.01 6.49 ± 0.06 0.22 ± 0.06 0.3 ± 0.06 0.04 ± 0.06 6 ± 1 1 ± 1
006.700−0.280 13.38 ± 0.01 15.15 ± 0.06 0.17 ± 0.06 0.24 ± 0.06 0.05 ± 0.06 1.9 ± 0.4 0.3 ± 0.3
006.703−0.283 9.4 ± 0.01 12.3 ± 0.06 0.08 ± 0.06 0.19 ± 0.06 0.27 ± 0.06 1.6 ± 0.5 2.0 ± 0.5
006.706−0.281 11.86 ± 0.01 38.63 ± 0.06 0.09 ± 0.06 0.04 ± 0.06 0.63 ± 0.06 0.6 ± 0.2 2.0 ± 0.1
012.803−0.202 32.13 ± 0.01 0.44 ± 0.05 0.01 ± 0.05 0.15 ± 0.05 0.13 ± 0.05 32 ± 11 30 ± 12
019.610−0.234 43.67 ± 0.01 0.43 ± 0.05 0.01 ± 0.05 0.08 ± 0.05 0.03 ± 0.05 42 ± 12 7 ± 12
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Figure 1. Spectra of 1720-MHz OH masers associated with star forming regions
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Figure 1. −continued
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Figure 1. −continued
MNRAS 000, 1–32 (2018)
12 C. S. Ogbodo et al.
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y)
345.497+1.461
345.495+1.462 (1720-MHz)
Stokes-I
Linear pol.
−30 −28 −26 −24 −22 −20 −18 −16
LSR Velocity (km s−1)
0.0
0.5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
1.0
1.5
F
lu
x
d
en
si
ty
(J
y)
345.497+1.461 (1720-MHz)
Stokes-I
Linear pol.
−28 −26 −24 −22 −20 −18 −16 −14 −12
LSR Velocity (km s−1)
0.0
0.5
1.0
1.5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y)
348.727-1.039 (1720-MHz)
Stokes-I
Linear pol.
−20 −18 −16 −14 −12 −10 −8 −6
LSR Velocity (km s−1)
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
F
lu
x
d
en
si
ty
(J
y)
350.112+0.095 (1720-MHz)
Stokes-I
Linear pol.
−74 −72 −70 −68 −66 −64 −62 −60 −58
LSR Velocity (km s−1)
0.0
0.5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0
1
2
3
F
lu
x
d
en
si
ty
(J
y)
350.686-0.491 (1720-MHz)
Stokes-I
Linear pol.
−21 −19 −17 −15 −13 −11 −9 −7
LSR Velocity (km s−1)
0
1
2
3
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
−1
1
3
5
7
9
F
lu
x
d
en
si
ty
(J
y)
351.158+0.699 (1720-MHz)
Stokes-I
Linear pol.
−16 −14 −12 −10 −8 −6 −4 −2
LSR Velocity (km s−1)
−1
1
3
5
7
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
Figure 1. −continued
MNRAS 000, 1–32 (2018)
1720-MHz OH masers 13
−10
10
30
50
70
90
110
F
lu
x
d
en
si
ty
(J
y)
351.419+0.646 (1720-MHz)
Stokes-I
Linear pol.
−16 −14 −12 −10 −8 −6 −4
LSR Velocity (km s−1)
−10
10
30
50
70
90
110
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
−1
1
3
5
7
F
lu
x
d
en
si
ty
(J
y)
351.774-0.537 (1720-MHz)
Stokes-I
Linear pol.
−4 −2 0 2 4 6 8 10
LSR Velocity (km s−1)
1
3
5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
−1
2
5
8
11
14
F
lu
x
d
en
si
ty
(J
y)
353.410-0.360 (1720-MHz)
Stokes-I
Linear pol.
−26 −24 −22 −20 −18 −16 −14 −12
LSR Velocity (km s−1)
−1
2
5
8
11
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y)
357.557-0.321 (1720-MHz)
Stokes-I
Linear pol.
−8 −6 −4 −2 0 2 4 6
LSR Velocity (km s−1)
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y)
359.970-0.457 (1720-MHz)
Stokes-I
Linear pol.
9 11 13 15 17 19 21 23
LSR Velocity (km s−1)
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y)
0.376+0.040 (1720-MHz)
Stokes-I
Linear pol.
34 36 38 40 42 44 46 48
LSR Velocity (km s−1)
0.0
0.5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
Figure 1. −continued
MNRAS 000, 1–32 (2018)
14 C. S. Ogbodo et al.
0
1
2
F
lu
x
d
en
si
ty
(J
y)
0.665-0.036 (1720-MHz)
Stokes-I
Linear pol.
55 57 59 61 63 65 67 69
LSR Velocity (km s−1)
0
1
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
−1
0
1
2
3
F
lu
x
d
en
si
ty
(J
y)
8.669-0.356 (1720-MHz)
Stokes-I
Linear pol.
32 34 36 38 40 42 44 46
LSR Velocity (km s−1)
−1
0
1
2
3
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
1.0
1.5
F
lu
x
d
en
si
ty
(J
y)
10.474+0.027 (1720-MHz)
Stokes-I
Linear pol.
57 59 61 63 65 67 69 71
LSR Velocity (km s−1)
0.0
0.5
1.0
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
1.0
1.5
F
lu
x
d
en
si
ty
(J
y)
11.034+0.062 (1720-MHz)
Stokes-I
Linear pol.
16 18 20 22 24 26 28 30
LSR Velocity (km s−1)
0.0
0.5
1.0
1.5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
F
lu
x
d
en
si
ty
(J
y)
17.638+0.158 (1720-MHz)
Stokes-I
Linear pol.
21 23 25 27 29 31 33 35
LSR Velocity (km s−1)
0.0
0.5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
Figure 1. −continued
MNRAS 000, 1–32 (2018)
1720-MHz OH masers 15
0.0
0.5
F
lu
x
d
en
si
ty
(J
y)
12.803-0.202 (1720-MHz)
Stokes-I
Linear pol.
25 30 35 40 45
LSR Velocity (km s−1)
0.0
0.5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
0.0
0.5
F
lu
x
d
en
si
ty
(J
y)
19.610-0.234 (1720-MHz)
Stokes-I
Linear pol.
32 37 42 47 52 57
LSR Velocity (km s−1)
0.0
0.5
F
lu
x
d
en
si
ty
(J
y) RHCP
LHCP
Figure 2. Spectra of diffuse OH sources.
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Figure 3. Spectra of 1720-MHz OH masers associated with supernova remnants
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3.5 Comments on individual sources
In this section, we describe the physical and magnetic prop-
erties, as well as any other relevant information, of each
associated exciting source, and also document associated
maser species and transitions. For other maser species and
excited-state OH transitions we refer to the literature; for
the ground-state OH lines we inspect main line and 1612-
MHz data from the current MAGMO dataset and Caswell
(1998, 1999, 2004). To aid in the determination of asso-
ciations for star formation masers, we inspect GLIMPSE
(Galactic Legacy Infrared Mid-plane Survey Extraordinaire;
Benjamin et al. 2003; Churchwell et al. 2009) 3-colour im-
ages, which are presented in Figure A. The association of
other maser transitions is discussed in detail in Section 4.1,
and associations are tabulated in Table 7.
3.5.1 Star Formation Masers
189.032+0.809: This is a newly detected 1720-MHz OH
maser that shows the highest reliable fractional linear
polarisation (46±3%) in this study. The RHCP and LHCP
components are barely split in velocity, and the RCHP
component is stronger in flux density. The magnetic field
strength is at the 1σ level and accordingly, has been
categorised as a non-detection. However, the presence of
the strong linear component, plus RHCP and LHCP, makes
this source a good candidate for an unresolved Zeeman
triplet. This is one of the few 1720-MHz SFR maser sources
without an associated methanol maser, nor any detected
association with main lines or excited OH masers (Avison
et al. 2016). Given its coincidence with a high-mass YSO,
0.27 arcsec offset from the peak of G189.0307+00.7821
(Cooper et al. 2013), we suggest that it belongs to the
proposed sub-class of 1720-MHz OH SFR-masers dis-
tinct for their lack of associated methanol or 1665-MHz
OH masers (Caswell 2004). This is discussed in Section 4.1.5.
189.776+0.346: This new maser detection exhibits
distinct Zeeman splitting despite having an ambiguous
identification of matching Zeeman pairs. Selected pairs ac-
count for strong absolute field strengths of 7.5 and 10.4 mG.
Green et al. (2012a) identified an unassociated methanol
maser located 8 arcsec from the 1720-MHz OH maser.
It is unclear whether the water maser detected towards
IRAS 06055+2039 by (Palagi et al. 1993) is associated with
our 1720-MHz source due to the inadequate resolution of
water maser the observations. Both of these maser detec-
tions are contained within the sub-millimetre dust clump
AGAL189.778+00.345 (Urquhart et al. 2015). This host
dust clump is also associated with broad winged emission
lines in the SiO thermal transitions (2−1) and (3−2),
together with identified HCO+ emission (Lo´pez-Sepulcre
et al. 2011), indicating outflow activities in the host source.
306.322−0.334: The pattern of spectral components
is consistent with Caswell (2004), which also reveals the
same triple-peaked RHCP profile we see here, together with
only two clear LHCP components. Caswell (2004) reported
variability in the source’s peak flux density between 1.8 and
3.1 Jy during the 3 epochs observed between November
1997 to April 2002. We detect a 2.04 Jy source, showing
that the source has not undergone extreme variability.
Variability has also been observed in the 6.7-GHz methanol
line, with flux densities of 0.4, 1.0 and 0.5 Jy reported by
Caswell et al. (1995a), Caswell (2009) and Green et al.
(2012a). From the MAGMO data we confirm an associated
1665-MHz maser, as also previously reported by Caswell
(1998), and also find a coincidence with a compact sub-mm
source from the ATLASGAL catalogue, G306.3199−0.3328
Csengeri et al. (2014).
323.459−0.079: This 1720-MHz OH maser was first
detected with a peak flux density of 0.35 Jy (Caswell
2004), absent from observations conducted four years
earlier (detection limit of 0.4 Jy; Caswell 1999). We now
report an increase in the peak flux density to 1.8 Jy. This
source is associated with 6.7-GHz (Green et al. 2012a)
and 12-GHz methanol (Breen et al. 2012b) masers, both
ground-state OH main lines (MAGMO, Caswell 1998),
1612-MHz (MAGMO, Caswell 1999) and excited-state OH
lines at 6030- and 6035-MHz (Avison et al. 2016; Caswell
& Vaile 1995; Caswell 2003). VLBI maps of the region in
the 1665- and 1667-MHz ground- as well as the 6035-MHz
excited-state OH transitions were presented by Caswell &
Reynolds (2001), who also reported magnetic field strengths
ranging between 1.47 and 4.13 mG within the region. The
non-detection of 0.4 ± 0.4 mG found in the present work
from the 1720-MHz line is consistent with Caswell (2004),
who also report a value of 0.5 mG. A high-mass YSO
which likely hosts these masers was identified by Mottram
et al. (2007), which is also coincident with the dust clump
AGAL323.4589−0.0800 (Contreras et al. 2013).
328.165+0.586: This new 1720-MHz detection is 3
arcsec offset from its methanol maser target 328.164+0.587
(Green et al. 2012a) which is also the only maser species
detected in the immediate region. Examination of the 4.5
µm band in the GLIMPSE image (see Figure A) indicated
that the 1720-MHz and methanol masers are likely excited
by the same infrared source. The 1720-MHz and 6.7-GHz
methanol masers are likely associated with G328.16+0.59 -
an Extended Green Object (EGO) designated as a“possible”
outflow candidate by Cyganowski et al. (2008) and likely
related to the dust clump object G328.1650+0.5865 (whose
peak position is offset by 4 arcsec from the 1720-MHz maser
Csengeri et al. 2014). At 13.2 ± 0.4 mG, this source shows
the strongest absolute magnetic field strength in the current
study.
328.808+0.633: This 1720 MHz OH maser has been
previously detected by Caswell (2004), and in the ground
state OH main lines by Caswell (1998) (as well as in the
current observations). The single Zeeman pair implies a
magnetic field strength of 1.4 mG, and according to Fau´ndez
et al. (2004) and Csengeri et al. (2014), there is a compact
dust clump (G328.8087+0.6328) 1.4 arcsec offset from its
position. Also associated with the 1720-MHz and main lines
are 6030 (Caswell 2001) and 6035-MHz excited-state OH
(Avison et al. 2016; Caswell 2001; Caswell & Vaile 1995),
22-GHz water (Breen et al. 2010b), 6.7-GHz (Green et al.
2012a), 12-GHz (Breen et al. 2012b), 36-GHz and 44-GHz
methanol (Voronkov et al. 2014) masers.
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329.339+0.148: 1720-MHz emission previously clas-
sified as star-formation-associated (Caswell 2004) shows
two peaks in the LHCP profile, but shows only a single
feature in RHCP. 1665-MHz OH (MAGMO, Caswell 1998),
6030- (Caswell 2003) and 6035-MHz excited-state OH
(Caswell 2001; Avison et al. 2016; Caswell 2003), and
6.7-GHz (Green et al. 2012a) and 12-GHz (Breen et al.
2012b) methanol masers are also associated with the source.
The measured magnetic field strength of 4.9 ± 0.4 mG is
similar to the value of 4 mG reported by (Caswell 2004).
From weak maser detections, the magnetic field derived
from the 6035-MHz line was substantially higher (13 mG
Caswell 2003). The masers are coincident with an UCHii
region (Bronfman et al. 1996) and a dust clump from the
ATLASGAL catalogue (G329.3382+0.1471; Csengeri et al.
2014).
330.953−0.180: The Stokes I flux density and mag-
netic field strength of this source (0.8 Jy, 1.6 mG) are
approximately consistent with the last observation in 2001
(0.8 Jy, 2.0 mG, Caswell 2004). The broad thermal emission
and the weaker spectral feature seen between −83 and −84
km s−1 in the 2001 spectrum observed using the Parkes
telescope are not detected in this study; this is presumably
because the broad features in Caswell (2004) are extended
diffuse OH resolved out by our interferometric observations.
The 1720-MHz maser is associated with the same exciting
mid-infrared source hosting the 22-GHz water (e.g. Breen
& Ellingsen 2011), 1665- and 1667-MHz ground-state OH
(Caswell 1998), 6035-MHz excited-state OH (Caswell 2001,
2003; Avison et al. 2016) and 6.7- (Caswell et al. 2011b), and
44-GHz methanol (Voronkov et al. 2014) masers. For the
6035-MHz OH line, Caswell (2003) report a field strength
of −2.5 mG. The 1720-MHz OH maser appears to be
projected against the same dust source (G330.9545−0.1828,
Csengeri et al. 2014) as the other maser species. The higher
resolution 4.5 µm GLIMPSE image and the designation of
an associated EGO object, G330.95−0.18, as a “possible”
outflow candidate in Cyganowski et al. (2008), suggest
that the 1720-MHz OH maser is likely associated with the
outflow from the central exciting mid-infrared source.
336.941−0.156: With a peak Stokes I flux density of
1.7 Jy, this source shows an increase in flux density com-
pared to a previous ATCA measurement of 0.6 Jy (Caswell
2004). We measure a magnetic field strength of 8.1 mG
which is slightly higher than the previous measurement of
6 mG made by Caswell (2004). This is likely due to a slight
change in the spectral profile from the earlier observations,
whereby a secondary feature, barely detectable in Caswell
(2004), has risen disproportionately in RHCP, resulting
in a slightly larger apparent split. Csengeri et al. (2014)
listed a compact dust clump G336.9420−0.1556 whose
centre is about 6 arcsec away from the maser position.
This 1720-MHz source is accompanied by emission in the
main lines (MAGMO, 1665-MHz also detected by Caswell
1998), both the 6030- and 6035-MHz excited-state OH
lines (Avison et al. 2016; Caswell 2001, 2003), as well as
the 6.7-GHz (Caswell et al. 2011b) and 12-GHz methanol
(Breen et al. 2012a) masers.
337.612−0.060: First identified by Caswell (2004)
with reported flux density and magnetic field strength
consistent with this study (0.83 Jy and −6.2 mG in the
current work compared with 0.44 Jy and −5.7 mG in
Caswell 2004). At 870 µm, Contreras et al. (2013) identified
a compact dust continuum source AGAL337.612-00.059, the
peak of which is 2.4 arcsec offset from the maser position.
This 1720-MHz OH maser is associated with 1665-MHz
OH maser emission (MAGMO, Caswell 1998), 6035-MHz
exited-state OH (Caswell 2003; Avison et al. 2016), 22-GHz
water (Breen et al. 2010b), 6.7- (Caswell et al. 2011a) and
12-GHz methanol (Breen et al. 2012a) masers.
339.622−0.120: This is a known 1720-MHz OH maser
that has been detected on a number of occasions (e.g.
MacLeod 1997; Caswell 1999, 2004). Our spectrum reveals
that this source has continued to show significant temporal
variability, also evident in the previous observations. Most
notably we find a new spectral feature at −34.0 kms−1,
sandwiched between two features that have been previously
reported at least one epoch (−36.8 and −32.3 km s−1;
Caswell 2004; MacLeod 1997; Caswell 1999). Both features
had flux densities greater than 1 Jy in the most recent
previous observations made by Caswell (2004), but now
have 0.25 and 0.28 Jy respectively. The new feature is
within the velocity range of the OH absorption feature in
the single-dish spectrum of Caswell (2004), and has weak
spectral splitting yielding no significant magnetic field
strength. In contrast, the field strength of the feature at
−36.8 km s−1, which now shows a clear splitting, is 2.7 mG.
Towards the weak detection at −32.4 km s−1, we detect
no RHCP emission (similarly to Caswell 2004), resulting
in a high circular polarisation fraction. The RMS survey
indicates a nearby infrared source offset by ∼1 arcsec which
is classified as a high-mass YSO (Mottram et al. 2010).
As shown on the GLIMPSE image (see Figure A), there is
positional coincidence between the 1720-MHz maser and
other maser species – 1665, 1667-MHz (MAGMO, Caswell
1998) and 6035-MHz OH (Caswell 2003; Avison et al. 2016;
Caswell & Vaile 1995), 22-GHz water (Breen et al. 2010b),
6.7- (Caswell et al. 2011b) and 12-GHz methanol (Breen
et al. 2012a).
339.884−1.259: This source, first reported by Caswell
(2001) in both the 1720- and 6035-MHz OH transitions,
was also detected in the 1720-MHz transition by Caswell
(2004). It has four prominent Stokes I features at −37.8,
−36.9, −35.0 and −34.1 km s−1. The previous 1720-MHz
observations show peak emission at −34 km s−1, varying
significantly in peak flux density (1.9 Jy in 2000 Nov, 3.3 Jy
in 2001 Mar, 10 Jy in 2001 Aug, 10 Jy in 2001 Dec, and
12 Jy in 2002 Apr, Caswell 2004). The current 1720-MHz
peak of ∼32 Jy is at a velocity of −37.8 km s−1 and has
shown a significant flux density increase from ∼1.5 Jy in
2002 Apr (Caswell 2004). The location of the 1720-MHz
emission is offset by less than 1 arcsec from an UCHii
region (Walsh et al. 1998) and falls within a dust clump
in the ATLASGAL compact source catalog (Contreras
et al. 2013). This source interestingly exhibits emission in
1665/1667-MHz (MAGMO, Caswell 1998), 6030/6035-MHz
(e.g. Avison et al. 2016; Caswell 2003), 22-GHz water (e.g.
Breen et al. 2010b), and four methanol transitions, 6.7-GHz
(Caswell et al. 2011b), 12-GHz (Breen et al. 2010a) and
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36/44-GHz (Voronkov et al. 2014).
340.785−0.096: Several clearly resolved Zeeman pairs
are seen in the spectrum of this strongly circularly polarised
source, which was originally reported by Caswell & Haynes
(1983) and later by Caswell & Vaile (1995) and Caswell
(2004). A set of three components with peak velocities
between −104 to −107 km s−1 all have the same line-of-sight
magnetic field direction (−8.4, −6.6, −6.0 mG), contrary
to the field reversal seen in the other feature at −100
km s−1(+5.5 mG). This field reversal was also reported by
Caswell (2004) for the 1720-MHz transition and by Caswell
& Vaile (1995) for 6035-MHz excited-state OH. Csengeri
et al. (2014) reports a dust clump (G340.7848-0.0968), with
a peak that is 2.45 arcsec offset from the maser position.
The main lines (MAGMO, Caswell 1998), 6035-MHz
excited-state OH (Caswell & Vaile 1995; Caswell 2003;
Avison et al. 2016), 22-GHz water (Breen et al. 2010b) and
6.7- (Caswell et al. 2011b), 12- (Breen et al. 2012a) and
36-GHz (Ellingsen et al. 2018) methanol masers are also
associated with this source.
344.582−0.023: We report the first detection of this
3.2 Jy (Stokes I), highly circularly polarised 1720-MHz
OH maser. It is likely associated with an Extended Green
Object (located within 2 arcsec Cyganowski et al. 2008),
and is also coincident with a dust clump (G344.5816-0.0235
Csengeri et al. 2014) as well as water (Breen et al. 2010b),
OH main line (MAGMO, Caswell 1998) and 6.7-GHz
methanol (Caswell et al. 2011b) masers. Compared to
the 1720-MHz field strength of 3.6 mG measured in this
work, the split 1665-MHz OH lines reported by Fish et al.
(2003) trace a magnetic field strength of −2.8 mG, notably
propagating in the opposite direction.
345.003−0.224: Spectral similarities between the
current study and previous studies of this maser source
(Gaume & Mutel 1987; Caswell 2004) show disproportionate
flux densities between RHCP and LHCP. The spectrum in
Figure 1 shows that the LHCP at 37.79 Jy is more dominant
than the RHCP profile at 1.54 Jy. Clear Zeeman splitting
reveals a magnetic field strength of 3.5 mG and this source
exhibits significant linear and circular polarization relative
to the uncertainties. This 1720-MHz source is associated
with 1665-MHz (MAGMO, Caswell 1998), 6035-MHz
excited-state OH line (Caswell 1998, 2004; Avison et al.
2016), 6.7-GHz (Caswell et al. 2011b) and 12-GHz (Breen
et al. 2012a) masers. The maser sits 2 arcsec offset from the
peak of dust clump G345.0029-0.2241 (Csengeri et al. 2014).
345.117+1.592: This maser source is significantly
offset from the target methanol maser (345.010+1.792) by
818 arcsec. However, given the absence of any nearby SNR
and the sighting of enveloping Hii regions, Caswell (2004)
assigned an SFR-type status to this source. Furthermore,
Caswell (2004) identified this source as one of the isolated
SFR 1720-MHz sub-class, and as commonly observed in
masers in that sub-class, this source (with a FWHM of 0.93
km s−1) has a broad linewidth feature and also doesn’t have
any observed associated maser species either from MAGMO
observations (1612-MHz and main lines) or from literature.
345.497+1.461 and 345.495+1.462: Caswell (2004)
first detected these 1720-MHz OH masers that are sepa-
rated by 5.2 arcsec. Both have seen a decrease in peak flux
density from 4.9 to 1.57 Jy for 345.497+1.461 and 2.3 to
0.69 Jy for 345.495+1.462. 345.495+1.462 appears to have
undergone a reduction in magnetic field strength from −12
to −7.9 mG. Guzman et al. (2010) identified a jet associated
with high-mass star forming region, IRAS 16562−3959,
which we find has radio bright spots at the locations of the
1720-MHz OH masers. While significantly offset from the
1720-MHz OH masers, the exciting source from which the
jet originates is coincident with 1665- and 1667-MHz OH
(MAGMO, Caswell 1998), 6035-MHz OH (Avison et al.
2016) and water maser emission (Breen et al. 2010b). As
shown in Figure A, the closest methanol maser is associated
with a separate nearby infrared source.
348.727−1.039: This new detection in the 1720-MHz
OH transition shows clear Zeeman splitting that corre-
sponds to a field strength of 5.3 mG. This 1720-MHz
OH maser is offset from a prominent green source (see
Appendix A which is associated with both 6.7- (Caswell
et al. 2010) and 12-GHz (Breen et al. 2012a) methanol
maser emission as well as 1665-MHz OH maser emission
(MAGMO, Caswell 1998). A water maser is present in the
vicinity, but offset from both the 1720-MHz and methanol
masers Forster & Caswell (1989); Breen et al. (2010b). This
1720-MHz OH maser is offset 3.6 arcsec from the peak of a
compact dust clump AGAL348.726-01.039 (Contreras et al.
2013).
350.112+0.095: The RHCP and LHCP spectral
profiles of this new 1720-MHz detection show distinct and
significant Zeeman splitting implying an absolute magnetic
field strength of 11 mG, and the source also exhibits
strong fractional circular polarization. The nearest 6.7-GHz
methanol maser catalogued in the MMB survey (Caswell
et al. 2011b), is offset by 43 arcsec, however, the GLIMPSE
image in Figure A shows associated main lines (MAGMO,
Caswell 1998; Argon et al. 2000) and 6035-MHz excited
(Caswell 1998; Avison et al. 2016) OH lines. The 1720-MHz
source and the associated maser species are nearby the AT-
LASGAL complex dust clump G350.1113+0.0906 (Csengeri
et al. 2014).
350.686−0.491: First detected in the 1720-MHz tran-
sition by Caswell (2004), the Stokes I spectrum shows four
components with relatively high levels of linear and circular
polarised emission. They are split into two distinct Zeeman
pairs with corresponding magnetic field strengths of 4.0 and
4.2 mG. These masers are most likely hosted by a high-mass
double-core system, likely a binary high-mass star forming
region (Chen et al. 2017). 1665, 1667-MHz OH (MAGMO
Caswell 1998; Caswell et al. 2013), 6035-MHz OH (Avison
et al. 2016; Caswell 2004; Caswell & Vaile 1995), 22-GHz
water (Titmarsh et al. 2016), and 6.7-/12-GHz methanol
(Caswell et al. 2010; Breen et al. 2012a) masers are all
associated with the 1720-MHz source.
351.158+0.699: This is a new 1720-MHz detection
located within the NGC 6334 Hii region complex (Willis
et al. 2013; Kwon et al. 2013). The GLIMPSE image in
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Figure A appears to have a bi-polar outflow feature with the
1720-MHz maser located at one tip, and the other identified
maser species - OH main lines (MAGMO, Caswell 1998),
22-GHz water (Breen et al. 2010b), 6.7-GHz (Caswell et al.
2011b), and 36/44-GHz methanol (Voronkov et al. 2014)
masers - positioned on or close to a central driving source.
We believe that the 1720-MHz maser is likely associated
with the outflow of the driving source that apparently
hosts the other maser species. We see a similar scenario in
345.497+1.461 and 345.495+1.462. The separation of the
Zeeman pairs reveal a field strength with a magnitude of
5.2 mG.
351.419+0.646: NGC6334F is a well known star for-
mation region, with previously detected 1720-MHz OH
maser emission (e.g. Lo et al. 1975; Gaume & Mutel 1987;
Caswell 2004). This star formation region (identified as
dust clump AGAL351.416+00.646 Contreras et al. 2013) is
known to host many maser transitions (e.g. Caswell 2004),
including the OH ground-state main lines (e.g. MAGMO,
Caswell 1998), excited-state OH emission at both 6030- and
6035-MHz (Avison et al. 2016; Caswell 2003; Caswell & Vaile
1995), 6.7-GHz methanol (e.g. Caswell et al. 2010), 12-GHz
methanol (e.g. Breen et al. 2012a), 36- and 44-GHz methanol
(e.g Voronkov et al. 2014) and 22-GHz water masers (e.g.
Titmarsh et al. 2016).
This strong circularly polarised 1720-MHz OH maser
shows a magnetic field strength of −6.2 mG, which agrees
with the estimated range of −6.0 to −6.4 mG measured with
the Australian Long Baseline Array (Chanapote et al. 2019).
The flux density appears to be variable, with peak measure-
ments in the range ∼15 to 70 Jy previously reported (Lo
et al. 1975; Gaume & Mutel 1987; Caswell 2004). The cur-
rent observations find a component at −10.6 km s−1 with a
Stokes I flux density of ∼76 Jy and ∼102 Jy for the compo-
nent at −9.9 km s−1 making it to be the strongest source
detected in this study.
More recent observations by MacLeod et al. (2018)
during a maser flaring event (in methanol, OH and water)
show an even higher peak flux density (up to ∼130 Jy in
LHCP) and the detection of a new feature at −7.7 km s−1
which disapeared 247 days later. This transient feature
showed a magnetic field strength of +1.3 mG based on
a Lande splitting factor of 0.236 kms−1 mG−1 (this cor-
responds to +2.7 mG using the splitting coefficient used
in this work MacLeod et al. 2018). The maser flaring
event was suggested to be as a result of episodic accretion
producing powerful outburst of radiation, driving the maser
flaring activity (e.g MacLeod et al. 2018; Hunter et al. 2018).
351.774−0.537: This 1720-MHz OH maser was first
discovered by MacLeod (1997) and then positioned by
Caswell (1999). Like Caswell (1999), we find that the 1720-
MHz OH maser emission is somewhat spatially distributed
(over 0.7 arcsec in the current work). The RHCP and LHCP
components of the source at ∼−1.5 km s−1 have approxi-
mately equal amplitude of ∼0.9 Jy, in contrast to the spec-
trum in Caswell (2004), where the RHCP appears much
weaker. Like 340.785−0.096, this source shows a field rever-
sal.
Beuther et al. (2017) used the 0.06 arcsec resolution of
ALMA to clearly resolve the high-mass dust clump in the
region (identified as high-mass proto-cluster by Urquhart
et al. 2013), revealing four cores contained within a few arc-
sec. However, only one of these cores (core-2 in Beuther et al.
2017) is associated with 6.7-GHz methanol masers detected
by Walsh et al. (1998). The 1720-MHz OH maser position is
offset by >2 arcsec from any of the four cores so it is diffi-
cult to say which of the objects is exciting the 1720-MHz OH
emission (if any). A possible scenario might be the 1720-MHz
OH maser emission is originating from the shocked region
associated with an outflow from one of the cores (CO ob-
servations of Beuther et al. 2017, show that core 1 might be
the most likely candidate).
Based on the proximity of known 22-GHz water (Tit-
marsh et al. 2016), OH main lines (e.g. MAGMO, Caswell
1998), the 1612-MHz OH satellite line (e.g. MAGMO,
Sevenster et al. 1997), 6035-MHz OH (Avison et al. 2016),
6.7- (Caswell et al. 2010), 12-GHz (Breen et al. 2012a), and
36/44-GHz methanol masers (Voronkov et al. 2014), we list
them as associated with the 1720-MHz OH masers, but
note that it is unclear that they are all associated with the
same Beuther et al. (2017) core.
353.410−0.360: The spectral profile and measured
magnetic field towards this previously detected 1720-MHz
OH maser (e.g. Gaume & Mutel 1987) are consistent with
the previous measurement made by Caswell (2004). The
1720-MHz OH maser is associated with an UCHii region
(e.g. Garay et al. 2006; Walsh et al. 1998) embedded within
dust clump AGAL353.409−00.361 (Contreras et al. 2013).
The 1720-MHz OH maser emission is accompanied
by 1665-MHz OH emission (MAGMO, Caswell 1998),
6035/6030-MHz OH (e.g. Avison et al. 2016; Caswell 2004),
6.7-GHz (Caswell et al. 2010) and 12-GHz methanol maser
transitions (Breen et al. 2012a), but the nearest water
masers (Breen et al. 2010b) are offset (see GLIMPSE
images in Figure A).
357.557−0.321 This is a newly detected 1720-MHz
OH maser which is within a similar velocity range, and is
spatially consistent with, a methanol maser from the MMB
survey (Caswell et al. 2010). We also see association with the
main lines also obtained from MAGMO data, and a 22-GHz
water maser (Titmarsh et al. 2016). Fontani et al. (2005)
identified the host WISE object as a high-mass protostar
coincident with compact dust source G357.5577−0.3217
(Csengeri et al. 2014).
359.970−0.457: This new 1720-MHz OH maser
detection is coincident with 1665-MHz OH (MAGMO),
6.7-GHz methanol (Caswell et al. 2010) and water maser
(Titmarsh et al. 2016) emission, all falling within the dust
clump, G359.9703-0.4570 (Csengeri et al. 2014). The Stokes
I spectrum shows a relatively broad single feature and the
RHCP and LHCP profiles show a clear split corresponding
to a magnetic field strength of 7.8 mG.
000.376+0.040: This new detection with implied
magnetic field strength of +1.5 mG shows a peak flux
density at approximately 1 Jy. This OH maser falls within
dust clump, G000.3756+0.0409 (Csengeri et al. 2014)
and is associated with OH main lines (MAGMO, Caswell
1998), water (Walsh et al. 2014; Titmarsh et al. 2016), and
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6.7-GHz methanol (Caswell et al. 2010) masers.
000.665−0.036: This known 1720-MHz SFR maser
source (Gaume & Mutel 1987; Caswell 2004; Qiao et al.
2018), is located within the Sgr B2 Hii D region (Benson
& Johnston 1984). Comparison with Qiao et al. (2018)
indicates a decreased flux density of the only reported
feature (at 62.6 km s−1), from 1.03±0.07 Jy (current study
observed in 01/2011) to 0.65 Jy (observed in 02/2016).
Figure 1 shows blended multiple peaks in the Stokes-I
spectrum. We also report a new RHCP component at ∼60.6
km s−1. The estimated absolute magnetic field strength is
8.8 mG for the more separated of the two identified Zeeman
pairs. The GLIMPSE image in the Figure A shows that the
6.7-GHz methanol maser (Caswell et al. 2010) is the only
associated maser species in the current study. At 8 arcsec
offset from the peak position, this 1720-MHz source is most
likely associated with the dust clump G000.6652-0.0335
(Csengeri et al. 2014).
008.669−0.356: The current study shows an increase
in flux density of the source from 1.0 Jy reported in (Caswell
2004) to 2.2 Jy, while the magnetic field measurements
are consistent. The 1720-MHz source is coincident with
the dust clump G008.6702-0.3557 (Csengeri et al. 2014).
The position of this 1720-MHz maser is 1.2 arcsec offset
from a source identified by Bronfman et al. (1996) as
an Ultra-compact Hii region. Maser positions indicate
that the 1720-MHz source is associated with 1612-MHz
(MAGMO), 1665-MHz (MAGMO, Caswell 1998) and
6035-MHz (Caswell et al. 1995a; Caswell 2001; Avison
et al. 2016) OH, and 6.7-GHz (Green et al. 2010) and
12-GHz (Breen et al. 2012a) methanol masers. As seen
in the GLIMPSE image in Figure A, the presence of
multiple infrared sources makes the association between the
1720-MHz and 1612-GHz (MAGMO), and 22-GHz water
(Breen et al. 2010b; Titmarsh et al. 2014) masers ambiguous.
10.474+0.027: First detected by Caswell (1999) with
a total intensity of 0.4 Jy, we report an increased flux den-
sity of ∼1.6 Jy. With no velocity shift between the RHCP
and LHCP components, a magnetic field non-detection is
reported in this work. This source is coincident with a com-
plex high-mass star forming region (Pascucci et al. 2004),
identified as a 25,000–35,000 M high-mass proto-cluster
G010.4722+0.0277 (Ginsburg et al. 2012; Urquhart et al.
2013) which hosts at least one very young late O, or early B
star that may be actively accreting Titmarsh et al. (2013).
The GLIMPSE image shows two separate mid infrared
sources with coincident maser emission, one with just the
1720-MHz OH maser and the other with the OH main lines
at 1665- and 1667-MHz (MAGMO, Caswell 1998), 6.7-GHz
methanol (Green et al. 2010) and a water maser (that holds
the record for highest velocity emission of any water maser
associated with star formation Titmarsh et al. 2013).
11.034+0.062: At 1.63 Jy, this strongly circularly
polarised 1720-MHz OH maser shows an increase in peak
flux density from 0.45 Jy (Caswell 2004). The weaker second
feature present at 28 km s−1 is sitting on a broad absorption
dip in the Parkes spectrum of Caswell (2004), and is not
seen in our spectrum. Forster & Caswell (2000) identify
the pumping source as a high-mass star forming region.
The 1720-MHz source is associated with 22-GHz water
(Titmarsh et al. 2014), 1665-MHz (MAGMO, Caswell 1998)
and 6035-MHz OH (Caswell 2003; Avison et al. 2016) and
6.7-GHz methanol maser (Green et al. 2010) transitions.
SiO (2–1) thermal emission has also been detected in the
high-mass SFR (Csengeri et al. 2016).
017.638+0.158: The Parkes single-dish spectrum of
Caswell (2004) contains three spectral features at 20.5, 28.5
and 35 km s−1, but in this study, consistent with Beuther
et al. (2019), we only detect the feature at 28.5 km s−1.
The position and velocity of the 1720-MHz feature at 20.5
km s−1 from (Caswell 2004) indicates coincidence with the
peak of the central exciting source (Maud et al. 2018),
6.7-GHz methanol (Caswell et al. 1995b; Green et al. 2010),
1665-MHz OH (MAGMO, Argon et al. 2000; Beuther et al.
2019; Caswell et al. 2013), 1667-MHz OH (MAGMO), and
water (Breen et al. 2010b; Titmarsh et al. 2014) masers.
On the other hand, the 1720-MHz feature at 28.5 km s−1 is
offset by 4 arcsec from both the peak of the exciting source
and the other maser species. Figure 2 in Maud et al. (2018)
indicates that the position and velocity of the 28.5 km s−1
feature coincides with the ALMA 13CO emission (red
contour moment maps in the referenced figure), tracing the
red-shifted (velocity range of 24.7 – 35.0 km s−1) outflow
of the exciting source. Caswell (2004) reported varying
flux densities for the feature at 28.5 km s−1 across three
epochs: <0.15 Jy (2001), 0.3 Jy (2002) and 0.8 Jy (2003).
The current study (observed in 2012) reports a flux density
of 0.48 Jy.
Interestingly, we note that although the spectral profile
at 28.5 km s−1 in Caswell (2004), and the one reported in
this study, appear comparable in total intensity, and are
within the same velocity range, they differ in polarisation
handedness. The spectral feature (28.5 km s−1) in Figure 1
of Caswell (2004) shows prominent RHCP while our study
reveals prominent LHCP. As a consequence of this apparent
reversal in polarisation handedness, the measured magnetic
field vector we report is −8.1±0.5 mG in contrast to +14 mG
measured by Caswell (2004). The field orientation of the
feature at 20.5 km s−1 (−2 mG) measured by Caswell
(2004) is the same as the field orientation of other maser
species at the same velocity range, 1665-MHz (−1 mG)
(Argon et al. 2000; Caswell 2004; Caswell et al. 2013) and
1667-MHz (−1 mG) (Caswell et al. 2013). The consistency
of these features suggests that the polarisation handedness
in the spectrum in Caswell (2004) is correct, and affirms
the observed opposite handedness for the feature at 28.5
km s−1. By comparing our measurements with other sources
observed the same day, and also with literature, we also
confirmed the handedness of our observations. As such there
appears to be a genuine field reversal between the time
of Caswell (2004)’s measurements and ours. The observed
magnetic field reversal together with the demonstrated flux
density variability of the 28.5 km s−1 feature, suggests short
time-frame variation in the localised masing environment
associated with the outflow (and potentially a complex
magnetic field structure).
MNRAS 000, 1–32 (2018)
1720-MHz OH masers 23
3.5.2 Supernova Remnant Masers
269.141−1.213: This is a new 1720-MHz OH SNR maser
detection. The combined evidence of the proximity of
this source to the Vela SNR (Duncan et al. 1996) and
the absence of OH main-line transitions at the MAGMO
detection limit, make a strong case for designating it a
SNR source. Additionally, the velocity of the maser source,
10.6 km s−1 roughly falls within the LSR velocity range
of 0–10 km s−1 covered by 12CO(J=1–0) emission in the
region (Yamaguchi & Fukui 1999). Although not necessarily
indicative of the absence of high-mass star formation,
the significant spatial difference between this maser and
the closest MMB methanol maser (309 arcsec, Green
et al. 2012a) is also notable. By using a multi-wavelength
approach (radio, optical and x-ray), Yamaguchi et al. (1999)
showed that some parts of the molecular clouds traced
by 12CO are interacting with the SNR. Typical kinematic
behaviour and the physical conditions of SNR-molecular
clouds environments of 1720-MHz SNR-type masers are
discussed in details in Brogan et al. (2013) and references
therein. However, further verification is advisable, as the
1720 MHz maser shows very strong circular polarisation
and magnetic field strengths (10.7 and 11.4 mG) not typical
of SNR-masers (as can be seen in Table 3).
337.801−0.053: This 1720-MHz OH maser was first
detected by Green et al. (1997b) towards SNR G 337.8−0.1
and later observed (and positioned) by Caswell (2004).
349.734+0.172: The spectrum shows a single spectral
feature of narrow linewidth and has no indication of Zeeman
splitting. This maser is one of five distinct 1720-MHz OH
maser detections made by Frail et al. (1996) towards SNR
G 349.7+0.2. Comparison between the location of the
1720-MHz OH maser and radio continuum emission by Frail
et al. (1996) showed that the masers were all located within
the interior of the SNR, and that the brightest masers
were found towards the emission ridge. Its relatively far
distance (∼20.4 kpc) makes it one of the highest luminosity
1720-MHz OH masers detected towards a SNR.
358.936−0.485: This 1720-MHz source is associated
with the SNR G359.1-0.5 (Yusef-Zadeh et al. 1995; Wardle
& Yusef-Zadeh 2002; Qiao et al. 2018). The RHCP and
LHCP profiles have the same peak velocity leading to no
observed Zeeman splitting.
358.983−0.652: This is a new 1720-MHz detection
and has been categorized as an SNR source in this study. As
seen in Figure 22 of Stupar & Parker (2011), the position
of this 1720-MHz source is at the edge of the shell (traced
by the contours of Hα emission) surrounding the SNR
G359.1-0.05. The unsplit spectral line also exhibits the
larger linewidth typical of SNR masers.
359.940−0.067: This 1720-MHz OH maser is the
brightest of five detected at the boundary of Sgr A East
supernova remnant (see e.g. Maeda et al. 2002) by Yusef-
Zadeh et al. (1996), who named it Sgr A OH1720:A (66).
The 1720-MHz OH masers have no main line counterparts
(either in this work or in Yusef-Zadeh et al. 2001), and
are interpreted as arising from the shock interaction be-
tween Sgr A East and the M−0.02−0.07 molecular cloud
(Yusef-Zadeh et al. 1996, 2001). Our measured magnetic
field strength (3.5 mG) is consistent with the value of
Yusef-Zadeh et al. (1996, 3.7 mG), and is one of the highest
SNR-maser B-field values in this work.
1.010−0.225: This 1720-MHz OH maser (named Sgr
D OH1720 A1 in Yusef-Zadeh et al. 1999) is located close
to the Galactic centre in the Sgr D region, positionally
coincident with a known SNR (see Yusef-Zadeh et al. 1999,
and references within).
6.584−0.052, 6.687−0.296, 6.696−0.284,
6.698−0.281, 6.700−0.280, 6.703−0.283, and
6.706−0.281: These 1720-OH masers are all associ-
ated with the W28 supernova remnant, towards which
Claussen et al. (1997) previously detected six separate
regions of 1720-MHz OH maser emission. Although we do
not report reliable magnetic field measurements from these
sources (due to their weak Zeeman splitting being insuf-
ficient to measure a clear velocity separation), extensive
VLBI polarization studies of these 1720-MHz masers by
Hoffman et al. (2005) reported a magnetic field strength
of |B| ≈ 0.75 mG. Previous measurements of the magnetic
field have been quoted within the range of 0.09 – 0.45 mG
(Claussen et al. 1997) and (in a subset) 2.0 mG (Claussen
et al. 1999).
3.5.3 Diffuse OH Sources
12.803−0.202: This broad and weak (FWHM ∼ 3km s−1,
∼ 0.6 Jy) detection is associated with a Hii region within the
W33 complex. The 1720-MHz OH line is detected across
the full spatial extent of a compact (∼1.5×0.5 arcmin) 18 cm
continuum source (catalogued at 20 cm as G 12.805−0.201
by White et al. 2005), and shows neighbouring emission
and absorption peaks with conjugate detections in the
1612-MHz transition (also from the MAGMO dataset).
This pattern of weak emission in one of the satellite lines
and conjugate absorption in the other is typical of diffuse
OH, and is seen throughout much of the Inner Galaxy,
where the background continuum emission at 18 cm is
non negligible (e.g. Turner 1979; Dawson et al. 2014).
While the presence of an emission line against continuum
background may signify maser amplification of the incident
continuum radiation, this interpretation is not certain
without measurements of the line excitation temperature,
which is generally non-LTE and may be high enough to
produce emission without maser action (e.g. Guibert et al.
1978). For this reason, and because this kind of weak
masing is usually considered distinct from the classical,
high-gain, compact and narrow-line masers featured in this
work, we classify this detection as a “diffuse OH” source.
As expected for the extended molecular ISM, the source
shows no measurable Zeeman splitting and no significant
polarisation fractions.
19.610−0.234: Similarly to 12.803−0.202, this diffuse
OH detection is broad (FWHM greater than 5 km s−1), weak
(∼ 0.6 Jy) and shows neighbouring emission and absorption
features with conjugate detections confirmed in the 1612-
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Figure 4. Peak flux density distribution of all SFR (blue) and
SNR (red) masers detected in this study.
MHz transition (also from the MAGMO observations). It
also is detected across the full extent of an associated radio
continuum source, and shows no detectable Zeeman split-
ting and no significant measured polarisation fractions. The
background Hii region in this case is G 19.6−0.2 (see e.g.
Garay et al. 1998), with an angular size of ∼1.0×0.5 arcmin
in our observations (derived from a preliminary continuum
reduction of the 1720-MHz zoom band data), and which
forms part of a highly-active high-mass star forming region
with main line OH (Ho & Haschick 1981; Forster & Caswell
1999), water (Titmarsh et al. 2014), methanol (Green et al.
2010) and rare SiO (Cho et al. 2016), 9.9-GHz methanol
(Voronkov et al. 2010) as well as ammonia (11, 9) and (8, 6)
maser emission (Walsh et al. 2011).
4 DISCUSSION
4.1 Association with other maser species
Here we discuss the association of the 1720-MHz OH star
formation masers with main line ground-state OH, excited-
state OH, class I/II methanol and water masers. We have
searched for OH main line emission from the MAGMO
dataset only in the same fields as the 1720-MHz sources
solely for ascertaining associations, and leave detailed dis-
cussion of these sources for a future publication. Associa-
tions between masers are determined first by proximity, us-
ing initial thresholds dependent on typical relative distances
of the different transitions from their exciting sources; and
secondly by utilising the visual aid of maser positions over-
laid on background infrared images of their associated star
formation sites. For the first step: Given that the pump-
ing mechanism of both the 6.7-GHz and 12-GHz methanol
masers is dependent on a nearby radiating source (Sobolev
et al. 1997; Cragg et al. 2005), we expect to find them close
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Figure 5. A comparison of magnetic field strengths of common
sources obtained in this work and those measured by Caswell
(2004). The error bars are the 1σ measurement errors on our
measured magnetic field strengths. The unbroken red line shows
a one-to-one relationship, while the dashed lines represent ±3σ
offsets from the red line.
to the peak of their exciting infrared source. We note that
while precise positions for the 6.7-GHz methanol masers are
available over much of the southern Galaxy (e.g. Caswell
et al. 2010; Green et al. 2010; Caswell et al. 2011b; Green
et al. 2012a; Breen et al. 2015), the 12-GHz follow-up work
makes the reasonable assumption that they will arise from
the same location as the 6.7-GHz sources (e.g. Breen et al.
2012a,b, 2014). Likewise, since the OH main lines (Litvak
1969; Elitzur 1978) and 6030-/6035-MHz excited OH masers
(Cesaroni & Walmsley 1991; Gray et al. 1992) are also ra-
diatively pumped, we also expect to find them close to their
exciting infrared source. On the other hand, water (Elitzur
et al. 1989), class I methanol (Cragg et al. 1992; Voronkov
et al. 2005), and 1720-MHz (while occasionally radiatively
pumped) have collisonal pumping mechanisms, and are of-
ten found in outflows from their exciting sources. Taking
these factors into account, we adopted initial association
thresholds for the different transitions, which are discussed
in detail in the following subsections. For the second step:
We compiled RGB-colour GLIMPSE (Galactic Legacy In-
frared Mid-plane Survey Extraordinaire; Benjamin et al.
2003; Churchwell et al. 2009) images for each of the SFR-
maser regions, to visually aid our check for association be-
tween maser species, and also with their hosts. Each com-
posite RGB colour image was created by combining 8.0 µm,
4.5 µm, and 3.6 µm images, which were then overlaid with
markers representing the maser positions obtained in this
work and from the literature. See Figure A for the images.
Shown in Table 7 is the list of associations of 1720-MHz with
other transitions and maser species.
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4.1.1 Association with ground-state OH masers
With the same procedure and detection limit used (∼40
mJy at 1σ) for the 1720-MHz transition (described in
Section 2), we reduced the MAGMO data and searched
for 1612/1665/1667-MHz emission in the same fields as
the 1720-MHz sources, solely for ascertaining associations
(see Table 7). From the current study, we only detect
1612-MHz emission near 351.774−0.537, 323.459−0.079 and
008.669−0.356 – and in no other field hosting 1720-MHz
masers. Utilising 1 arcsec offset as the initial association
threshold, we find that 16 out of the 33 1720-MHz SFR
masers were less than 1 arcsec offset from the nearest 1665-
or 1667-MHz OH maser. With extra information provided
by the GLIMPSE images, we are also able to identify in-
stances where the 1720-MHz sources are either clearly asso-
ciated with outflows or appear to be associated but slightly
offset from the exciting source. Including these sources, we
find that a total of 25 of the 1720-MHz SFR population are
associated with the 1665-MHz maser transition, of which
17 of those are cases where the 1665- and 1667-MHz are
both present. None of the 1720-MHz sources showed only a
1667-MHz detection. Detailed analysis and discussion of the
detected main line sources is left for a future publication.
4.1.2 Association with Methanol Masers
Class II: As we have searched for 1720-MHz SFR masers
towards 702 6.7-GHz class II methanol maser sources, de-
tected in the MMB maser survey (Caswell et al. 2010;
Green et al. 2010; Caswell et al. 2011b; Green et al.
2012a; Breen et al. 2015), we can examine their associ-
ation statistics. The positions of the 6.7-GHz methanol
masers are generally known to within 0.4 arcsec (like the
1720-MHz OH masers presented here) so we use an ini-
tial association threshold of 1 arcsec and further consider
cases on an individual basis outside this range. Based
on the 1 arcsec threshold, out of the 33 1720-MHz SFR
maser sources identified in this work, 19 have angular off-
sets less than or equal to one arcsec from the associated
methanol maser. With the aid of the GLIMPSE images we
also associate 017.638+0.158, 328.165+0.587, 330.953−0.180,
351.158+0.69, 351.774−0.537 and 359.970−0.457 with
methanol masers due to their apparent association with
the same exciting object. This leaves eight sources with
1720-MHz OH masers (189.032+0.809, 189.776+0.346,
345.117+1.592, 345.495+1.462, 345.497+1.461, 348.727-
1.039, 350.112+0.09, 010.474+0.027) but devoid of methanol
maser counterparts. A total of 25 of 702 6.7-GHz methanol
maser targets therefore have associated 1720-MHz emission,
resulting in an overall detection statistic of ∼4%.
For the 12.2-GHz class II methanol maser associations,
we utilise a targeted search conducted with the Parkes
radio telescope towards the same 6.7-GHz methanol masers
detected by the MMB in the Galactic longitude 186◦
through the Galactic centre to 20◦ as in this work. The
12.2-GHz search detected 315 masers within this range of
Galactic longitudes (Breen et al. 2012a,b, 2014). As stated
in Section 4.1, this work does not derive precise positions,
rather making the justifiable assumption that the 12.2-GHz
methanol maser emission arises from the same location
at the target 6.7-GHz methanol masers (e.g. Breen et al.
2012a,b, 2014, and references therein). We therefore adopt
the same methodology used for the 6.7-GHz methanol
masers to determine associations and find that 15 out
the 33 1720-MHz SFR masers have associated 12.2-GHz
methanol maser counterparts.
Class I: Voronkov et al. (2014) made targeted observa-
tions of class I methanol masers towards 6.7 GHz methanol
masers, and reported that more than 70% of the class I
sources detected in that sample are within 30 arcsec of 6.7-
GHz masers. Given this large association radius, and since
both class I and 1720 masers may be offset from a central ex-
citing source, we examine each instance as the case presents,
seeking to classify as“associated”masers that share the same
exciting source. High spatial resolution observations of class
I are generally limited to targeted searches, and although
Jordan et al. (2015) was an unbiased survey for 44-GHz
methanol masers, it has a modest detection limit (1σ of
0.9 Jy) and only covered longitudes between 330◦ and 335◦
and latitudes of ±0.5◦. Although 36- and 44-GHz observa-
tions are not available for our full sample of 1720-MHz OH
masers, we find eight associations between our 1720-MHz
OH masers and class I methanol masers (at 36- and 44-GHz;
Voronkov et al. 2014; Jordan et al. 2015, 2017; Ellingsen
et al. 2018). We note that one additional previously-detected
1720-MHz source 338.925+0.557, which was not detected
in this work (see Table 1) was previously found to share
the same exciting source as both 36- and 44-GHz class I
methanol maser emission Voronkov et al. (2014).
The overall lack of class I methanol maser survey cov-
erage restricts further attempts to quantify the association
between 1720-MHz and class I methanol masers, but we note
a tendency for these masers to be associated with 1720-MHz
OH emission. This is consistent with their shared underly-
ing pumping mechanism, which depends of the presence of
shocks.
4.1.3 Association with excited-state OH masers
Alongside the 6.7-GHz methanol maser observations in
the MMB survey, a concurrent complete survey for 6035-
MHz excited-state masers was conducted (1-σ sensitivity of
0.17 Jy; e.g. Green et al. 2009). Follow-up observations of
the 6035-MHz detections (both with Parkes and the ATCA)
often also revealed 6030-MHz detections, both of which are
presented in Avison et al. (2016). Since the 6035-MHz ob-
servations were simultaneously observed with the 6.7-GHz,
the observations have the same Galactic coverage and can be
directly compared with our 1720-MHz OH maser detections.
We supplement this large complete survey for 6035-MHz OH
masers with targeted searches for 6030- and 6035-MHz OH
maser emission available in the literature (Caswell & Vaile
1995; Caswell 2001, 2003).
As with the ground state main line transitions, the posi-
tional uncertainty of the 6035- and 6030-MHz excited-stated
OH masers is 0.4 arcsec (See Avison et al. 2016, for position
references). Using the same methodology as for the main
lines, we find that 19 out of the 99 6035-MHz excited-state
OH masers in the longitude range of our present survey have
an associated 1720-MHz OH maser (11 of which have an
angular separation of less than 1 arcsec). In addition, five
of the 19 sources also have associated 6030-MHz emission.
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Previous targeted observations of 1720- and 6035-MHz OH
masers have shown a moderate association rate between the
two lines – MacLeod (1997) found 18 6035-MHz masers to-
wards 29 1720-MHz targets (62%), where as Caswell (2004)
found 24 1720-MHz OH maser detections towards 72 6035-
MHz OH masers (33%). In the current observations we find
that ∼58% of the 1720-MHz detections have associated 6035-
MHz OH maser emission.
4.1.4 Association with water masers
There are 323 MMB 6.7-GHz methanol masers from Galactic
longitude 341◦ through the Galactic centre to 20◦ that were
targeted both in the current 1720-MHz study and the 22-
GHz maser survey of Titmarsh et al. (2014, 2016). With an
association criteria of ≤ 3-arcsec angular separation between
6.7-GHz methanol and water masers, Titmarsh et al. (2014,
2016) found that 156 out of 323 6.7-GHz methanol masers
had associated water maser emission. We utilize the 3 arc-
sec as an initial threshold for association between 1720-MHz
and water masers, and then further inspected the GLIMPSE
images for cases beyond 3 arcsec radius. We find that 15
out of the 20 1720-MHz OH masers within this longitude
range have associated water maser emission. We have sup-
plemented the Titmarsh et al. (2014) and Titmarsh et al.
(2016) targeted observations with other water maser data
reported in the literature (Palagi et al. 1993; Walsh et al.
2014; Breen et al. 2010b) and find that overall 21 of our
1720-MHz maser detections are associated with known water
maser sources. Towards 189.776+0.346, Palagi et al. (1993)
detected a further water maser in single dish observations,
but with their 1.9 arcmin beam we are unable to confirm an
association.
4.1.5 1720-MHz OH masers devoid of 6.7-GHz methanol
maser counterparts
From their search, Caswell (2004) reported eight 1720-
MHz OH star-formation masers that were either devoid
of, or found at positions offset from, 1665-MHz OH
and 6.7-GHz methanol maser targets. These 1720-MHz
OH masers had broad linewidths (∼1 km s−1), approxi-
mately twice the FWHM of most of the 1720-MHz SFR
masers in the Caswell (2004) sample. Caswell (2004) in-
vestigated the counterparts of these masers and proposed
that they represented a distinct sub-class of SFR 1720-
MHz OH masers. Adopting the Caswell (2004) defini-
tion, we find that 12 of our 1720-MHz SFR masers (see
Table 6) would be classified as belonging to this sub-
class. Four of these masers were previously identified as
belonging to the sub-class (345.117+1.592, 345.495+1.461,
345.497+1.461, 17.638+0.158) and the remaining sources
that we find were either not observed or detected
(six sources; 189.032+0.809, 189.776+0.346, 328.165+0.586,
348.727−1.039, 350.112+0.095, 351.158+0.699) or detected
but not considered to be part of the subclass (two sources;
330.953−0.180, 10.474+0.027), because precise positions of
the respective masers were unknown at the time. We note
that three of the initial eight masers that Caswell (2004)
classified as belonging to this subclass (290.375+1.666,
310.146+0.760 and 329.426−0.158) are undetected in the
present work.
Using GLIMPSE data and the literature, we have been
able to investigate the local environments of the 12 sub-
class members we identified. Many of these are offset in
position from the centre of an exciting source (and from
other radiatively pumped maser species) making it possi-
ble that they are located within the interaction zone of
shocks with the surrounding environment. We find that four
masers show strong evidence of association with outflow
activity: 345.495+1.462, 345.497+1.461 and 351.158+0.699
show clear morphological signatures of outflows in the
GLIMPSE images, with the 1720-MHz masers associated
with the edges of the outflow emission; 17.638+0.158 is sim-
ilarly associated with the edge of a bipolar outflow mapped
in 13CO with ALMA (Maud et al. 2018). An additional
six sources (189.776+0.346, 328.165+0.586, 330.953−0.180,
345.117+1.592, 348.727−1.039 and 350.112+0.095) are asso-
ciated with prominent (and often extended) 4.5 µm emis-
sion, which commonly indicates the presence of outflows (e.g.
Cyganowski et al. 2008; Simpson et al. 2012). Of these, three
(328.165+0.586, 330.953−0.180 and 348.727−1.039) are asso-
ciated with 4.5 µm sources designated as “possible” outflow
candidates by Cyganowski et al. (2008). The remaining two
sources (189.032+0.809, and 10.474+0.027) both appear to
be truly isolated 1720-MHz masers, positioned close to a
central exciting source and with no other associated masers.
With the benefit of the GLIMPSE data and subsequent
high-resolution maser surveys we have therefore gleaned that
the majority of the members of the Caswell (2004) 1720-
MHz sub-class are offset from the SFR that is exciting the
maser emission, explaining why they are devoid of masers
that are radiatively excited (class II methanol or main line
OH). Our associations listed in Table 7 capture the fact
that often radiatively excited masers are still associated with
the same exciting source as a 1720-MHz OH maser, and so
while their specific location is devoid of the accompanying
emission, the source is not. We therefore suggest that the
bulk of sources that satisfy the subclass requirements de-
fined by Caswell (2004) are associated with the interaction
zone of outflows (or other shocks) emanating from a young
high-mass star. These masers tend to have linewidths sim-
ilar to SNR-associated 1720-MHz masers – the ten 1720-
MHz masers we find to be offset from their exciting sources
have FWHM between 0.73–1.65 km s−1 (with a median of
0.87 km s−1).
Conversely, the two masers that appear closely as-
sociated with their exciting objects (189.032+0.809 and
10.474+0.027) have FWHM of 0.23 and 0.26 km s−1. These
are truely devoid of class II methanol and main-line OH
maser emission and possibly indicate a specific evolutionary
phase, as Caswell (2004) initially hypothesised.
4.2 Polarimetry of 1720-MHz star formation
masers
4.2.1 Polarisation properties
Based on our sample of star formation 1720-MHz maser
components (Table 5), Figure 6 shows a histogram of
the degree of both circular and linear polarisation for
the 1720-MHz OH masers, divided by statistical sig-
nificance. For the linear polarisation, the plot clearly
indicates the majority of star formation masers have
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Table 6. 1720-MHz SFR-masers that are not co-located with
either 1665-MHz main line OH or 6.7-GHz methanol maser emis-
sion Caswell (proposed as a sub-class of 1720-MHz OH masers
by 2004) found in Caswell (2004) (left column) and this work
(right column). Sources listed in italics in the left-hand column
were detected by Caswell (2004), but not initially recognised as
a member of this sub-class. The source with ∗ was included in
this category by Caswell (2004), but has been removed since the
MMB detected an associated 6.7-GHz methanol maser. The su-
perscripts refer to the epochs at which the sources were observed:
1January 1985, 2November 1997, 3November 2000, 4August 2001,
5December 2001, 6April 2002, 7September 2002, 8March 2003. See
Table 3 for dates of observation of sources listed in the right col-
umn.
Source Source
(Caswell 2004) This study
- 189.032+0.809 (1.3 Jy)
- 189.776+0.346 (1.5 Jy)
- 328.165+0.586 (0.45 Jy)
290.375+1.666 (0.65 Jy) -
310.146+0.760 (1.26 Jy) -
329.426−0.158 (2.53, 3.54 Jy) -
330.953-0.182 (0.84 Jy) 330.953−0.180 (0.7 Jy)
∗345.003−0.224 (201 Jy) -
345.118+1.592 (6.26 Jy) 345.117+1.592 (8.1 Jy)
345.495+1.462 (2.54 Jy) 345.495+1.462 (0.7 Jy)
345.497+1.462 (4.94 Jy) 345.497+1.461 (1.6 Jy)
- 348.727−1.039 (1.1 Jy)
- 350.112+0.095 (0.7 Jy)
- 351.158+0.699 (8.8 Jy)
010.473+0.027 (0.42 Jy) 010.474+0.027 (1.6 Jy)
17.639+0.158 (<0.154, 0.37, 0.88 Jy) 17.638+0.158 (0.5 Jy)
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Figure 6. A histogram showing the distribution of percent frac-
tional circular (red) and linear (black) polarisations of SFR 1720-
MHz OH maser components, divided by those that are statisti-
cally significant (solid colour) and those that are not (hatched
colour). The blue dashed line represents the 50% polarisation
point. Note that the majority of the linear measurements are less
than 5σ, but are included here to demonstrate the tendency of
the 1720-MHz masers to show linear polarisation percentages less
than 30% (and for those that are statistically significant to mostly
fall below 20%).
linear polarisation fractions less than 20%. For the reliably
measured circular polarisation fraction (i.e. greater than
5σ), f84% have circular polarisation fractions greater
than 50%; with a number of components consistent with
100% circular polarisation (in sources 306.322−0.344,
329.339+0.148, 336.941−0.156, 339.622−0.120,
339.884−1.259, 340.785−0.096, 351.774−0.537, and
357.557−0.321).
The predominance of strongly circularly polarised fea-
tures, and comparatively fewer (and weaker) linearly po-
larised features, exhibited by these 1720-MHz SFR masers
demonstrate consistency with maser propagation theories,
e.g. Goldreich et al. (1973); Gray et al. (1992); Gray & Field
(1994, 1995); Elitzur (1996); Elitzur (1998); Watson & Wyld
(2001). According to these maser theories, of the three com-
ponents produced in Zeeman splitting, the strong circular
polarisation components are most clearly evident when the
maser propagation is parallel to the magnetic field, and con-
versely the strong linear polarisation component is evident
when the field is orthogonal. The fact that we see mainly cir-
cular components, with only occasional linears (which is sim-
ilar to higher frequency OH transitions of Green et al. 2015),
indicate that, according to Gray & Field (1994), the masers
are preferentially beamed when aligned with the magnetic
field vector.
4.2.2 Magnetic field properties
Our reliably measured (greater than 3σ) magnetic field
strengths in star formation masers range between 1.4−13.2
mG (listed in Table 3), and have mean and median values
of 6.2 and 6.2 mG. Excluding sources with magnetic field
strength measurements below 3σ, we find (using the IEEE
convention) that 45% of the SFR maser Zeeman pairs have
their field direction pointing away from us, while the other
55% have their field direction oriented towards us. Excluding
sources with unreliable magnetic field measurements, there
are eight sources in our sample with more than a Zeeman
pair. From these we find that the absolute field strength
dispersion within any one source ranges from 0.2−3.5 mG.
We further note that the two highest dispersions are from
the two sources (340.785-0.096, 351.774-0.537) which exhibit
field reversals (as already stated in the source notes).
We further compared the RHCP and LHCP flux densi-
ties of each Zeeman pair. This is represented in the scatter
plot of Figure 7. The model of Gray & Field (1995) predicts
that strong circularly polarised Zeeman pairs of 1720-MHz
OH masers should on the whole behave similarly, implying
generally equal flux densities for RHCP and LHCP line pro-
files. The overall linearity seen in Figure 7 broadly supports
the expected similar flux density behavior between compo-
nents of 1720-MHz OH masers, noting that we see 13 of
the 44 Zeeman pairs have components differing by a factor
greater than two.
4.2.3 Excited-state OH Magnetic field comparison
We collated the associated 6035-MHz OH maser Zeeman
pairs from Caswell & Vaile (1995), and compared the field
strength measurements. We find 15 sources in Caswell &
Vaile (1995) which are associated with 1720-MHz OH masers
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Table 7. Table of association between 1720-MHz OH and other maser transitions. Detections of 1612-, 1665- and 1667-MHz OH maser
transitions listed in columns 2, 3 and 4 are obtained from the full MAGMO dataset and Caswell (1998, 1999). The 6035/6030-MHz
transitions from Avison et al. (2016); Caswell (2003); Caswell et al. (1995a) are given in columns 5 and 6. Water maser entries (including
the non-detections) in column 7 are from Breen et al. (2010b) except for those with superscripts p, T, t, and w which are from Palagi
et al. (1993), Titmarsh et al. (2013), Titmarsh et al. (2014, 2016) and Walsh et al. (2014). The 6.7-GHz methanol masers in column 8 are
all from the MMB survey, while the 12-GHz methanol listed in column 9 are taken from Breen et al. (2012a,b, 2014). The last column
has the 36/44-GHz methanol maser transitions and are taken from Voronkov et al. (2014) except for the ones with superscripts j and e
which are taken from Jordan et al. (2017) and Ellingsen et al. (2018). Non-detections are denoted by their detection limits in Janskys.
The italicised sources are those that we do not consider associated with the nearest identified 1720-MHz OH maser, but which are found
within the region captured in the GLIMPSE images Figure A.
OH Water Methanol
1720-MHz 1612-MHz 1665-MHz 1667-MHz 6035-MHz 6030-MHz 22-GHz 6.7-GHz 12-GHz 36/44-GHz
3σ (Jy) 3σ (Jy) 3σ (Jy) 3σ (Jy) 5σ (Jy) 3σ (Jy)
189.032+0.809 <0.2 <0.2 <0.2 <0.5 <0.5 - <0.5 <0.5 -
189.776+0.346 <0.2 <0.2 <0.2 <0.5 <0.5 189.778+0.347 p 189.778+0.345 <0.5 -
306.322−0.334 <0.2 306.322−0.334 <0.2 <0.5 <0.5 <0.15 306.322−0.334 <0.8 -
323.459−0.079 323.459−0.079 323.459−0.079 323.459−0.079 323.459−0.079 323.459−0.079 <0.15 323.459−0.079 323.459−0.079 -
328.165+0.586 <0.2 <0.2 <0.2 <0.5 <0.5 <0.15 328.164+0.587 <0.5
328.808+0.633 <0.2 328.808+0.633 328.808+0.633 328.808+0.633 <0.5 328.808+0.633 328.808+0.633 328.808+0.633 328.81+0.63
329.339+0.148 <0.2 329.339+0.148 <0.2 329.339+0.148 <0.5 <0.15 329.339+0.148 329.339+0.148 -
330.953−0.180 <0.2 330.953−0.182 330.953−0.182 330.953−0.182 <0.5 330.954−0.182 330.953−0.182 <0.5 330.95−0.18 j
336.941−0.156 <0.2 336.941−0.156 336.941−0.156 336.941−0.156 336.941−0.156 <0.15 336.941−0.156 336.941−0.156 -
337.612−0.060 <0.2 337.612−0.060 <0.2 337.606−0.052 <0.5 337.612−0.060 337.613−0.060 337.613−0.060 -
339.622−0.120 <0.2 339.622−0.120 339.622−0.120 339.622−0.120 <0.5 339.622−0.120 339.622−0.120 339.622−0.120 -
339.884−1.259 <0.2 339.884−1.259 339.884−1.259 339.884−1.259 339.884−1.259 339.884−1.259 339.884−1.259 339.884−1.259 339.88−1.26
340.785−0.096 <0.2 340.785−0.096 340.785−0.096 340.785−0.096 <0.5 340.785−0.096 340.785−0.096 340.785−0.096 340.785−0.096e
344.582−0.023 <0.2 344.581−0.023 344.581−0.023 <0.5 <0.5 344.582−0.024 344.581−0.024 <0.7 -
345.003−0.224 <0.2 345.003−0.224 <0.2 345.003−0.224 <0.5 345.004−0.224 345.003−0.224 345.003−0.224 345.00−0.22
345.117+1.592 <0.2 <0.2 <0.2 <0.5 <0.5 <0.15 <0.5 <0.7 -
345.495+1.462 <0.2 345.494+1.469 345.498+1.467 345.495+1.469 <0.5 345.495+1.473 <0.5 <0.7 -
345.497+1.461 <0.2 345.494+1.469 345.498+1.467 345.495+1.469 <0.5 345.495+1.473 <0.5 <0.7 -
348.727−1.039 <0.2 348.727−1.037 <0.2 <0.5 <0.5 348.726−1.038 348.727−1.037 348.727−1.037 -
350.112+0.095 <0.2 350.113+0.095 350.113+0.095 350.113+0.095 <0.5 350.113+0.095 <0.5 <0.7 -
350.686−0.491 <0.2 350.686−0.491 350.686−0.491 350.686−0.491 <0.5 350.686−0.491 350.686−0.491 350.686−0.491 -
351.158+0.699 <0.2 351.160+0.697 351.160+0.697 <0.5 <0.5 351.160+0.696 351.161+0.697 <0.7 351.16+0.70
351.419+0.646 <0.2 351.417+0.645 351.417+0.645 351.417+0.645 351.417+0.645 351.417+0.646 351.417+0.646 351.417+0.645 351.42+0.65
351.774−0.537 351.774−0.536 351.774−0.536 351.774−0.536 351.775−0.536 <0.5 351.775−0.536 351.775−0.536 351.775−0.536 351.77−0.54
353.410−0.360 <0.2 353.410−0.360 <0.2 353.410−0.360 353.410−0.360 353.411−0.362 353.410−0.360 353.410−0.360 -
357.557−0.321 <0.2 357.557−0.321 357.558−0.321 <0.5 <0.5 357.558−0.321 t,w 357.558−0.321 <0.7 -
359.970−0.457 <0.2 359.970−0.457 <0.2 <0.5 <0.5 359.969−0.457 359.970−0.457 <0.7 -
000.376+0.040 <0.2 000.376+0.040 000.376+0.040 <0.5 <0.5 000.376+0.040 000.376+0.040 <0.7 -
000.665−0.036 <0.2 000.666−0.036 000.666−0.035 000.666−0.035 <0.5 000.668−0.035 0.665−0.036 0.667−0.034 -
008.669−0.356 008.669−0.355 008.669−0.356 <0.2 008.669−0.356 <0.5 008.670−0.356 008.669−0.356 008.669−0.356 -
010.474+0.027 <0.2 010.472+0.027 010.473+0.027 <0.5 <0.5 010.473+0.027 T 010.472+0.027 010.472+0.027 -
011.034+0.062 <0.2 011.034+0.062 <0.2 011.034+0.062 <0.5 011.034+0.062 011.034+0.062 <0.7 -
017.638+0.158 <0.2 017.638+0.157 017.638+0.157 <0.5 <0.5 017.638+0.156 017.638+0.157 <0.7 -
from the current study, but only 11 of which had listed mag-
netic field strengths. Of these 11, nine have the same field
orientation as the 1720-MHz OH masers. The two that do
not are 330.953–0.180 and 351.774–0.537, with the former
showing –2.5 mG at 6035-MHz and +1.6 mG at 1720-MHz,
and the latter showing –3.3 mG at 6035-MHz and both +2.7
mG and –6.2 mG at the 1720-MHz. The nine that show the
same orientation have field strengths that vary by up to 2
mG.
4.3 Distribution of SFR 1720-MHz OH masers
and magnetic fields
4.3.1 Galactic distribution
The top left panel of Figure 8 shows the spatial distribution
(l-b) of SFR 1720-MHz OH maser detections from this work,
while the bottom left panel shows the longitude-velocity (l-
v) distribution of the same OH masers. As expected they are
clustered about the Galactic mid-plane, within the |b| < 2◦
latitudinal range of the survey limits. By Galactic quad-
rant, we find: 6 sources in the first quadrant ( 3.6%; from
168 targeted 6.7-GHz methanol masers); two sources in the
third quadrant (9.5%; from 21 targeted 6.7-GHz methanol
masers); and as expected the largest population of 25 sources
fall in the 4th quadrant (4.9%; from 513 targeted 6.7-GHz
methanol maser sources). Considering the magnetic field di-
rection inferred from individual Zeeman pairs by Galactic
quadrants shows: quadrant 1 has three field measurement
directed away from us and three directed towards us; quad-
rant 3 has 2 Zeeman pairs with one magnetic field directed
away and the other undetermined as it shows no Zeeman
splitting; and in quadrant 4 there are 15 Zeeman pairs with
the field directed away from us and 19 towards. The l-b and
l-v plots together reflect Galactic structure, for example we
see that the Norma arm tangent indicates a field towards us,
and potentially that the Crux-Scutum arm has a field away
from us (but in this case more sources and clearer association
will be required).
4.3.2 Field direction comparison with large-scale fields
determined by Faraday rotation measures.
Past studies have indicated the coherence of the magnetic
field orientation across maser sources/molecular clouds of
the order of a few kpcs in scale (Davies 1974; Reid & Silver-
stein 1990; Fish et al. 2005; Bartkiewicz et al. 2005). This
was seen in the MAGMO pilot sample between Galactic lon-
gitudes 280◦ and 295◦ (the Carina-Sagittarius spiral arm
tangent; Green et al. 2012b). Past studies have also shown
that individual regions of star formation may exhibit appar-
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Figure 7. Comparison of RHCP and LHCP flux densities for the
1720-MHz SFR OH maser Zeeman pairs represented by the filled
circles. The squares represent components with only a RHCP or
LHCP profile, and in such cases detection upper limit have been
used for either the RHCP or LHCP when undetected. The two
hands of polarisation, representing the σ+ & σ− components of
Zeeman splitting, are expected to have similar fluxes for strongly
circularly polarised masers.
ent field reversals within them (e.g. Fish et al. 2003), which
require VLBI resolution to interpret, for example the studies
of 351.417+0.645 by Chanapote et al. (2019).
It was suggested by Fish et al. (2003) that three ma-
jor conditions were required for the Zeeman splitting of OH
masers to be reliably used as a tracer of the Galactic-scale
magnetic field: firstly, such a galaxy-scale magnetic field
must exist; secondly, the direction of the magnetic field in
the diffuse medium before cloud collapse must be retained
by the OH clumps after collapse; and thirdly, the local field
reversals within star forming sites must be able to be miti-
gated statistically. For the first condition, large-scale Galac-
tic magnetic field measurements exist (e.g. Han et al. 2006;
Brown et al. 2007; Mao et al. 2010; Nota & Katgert 2010;
Van Eck et al. 2011; Schnitzeler et al. 2019), and suggest that
a large-scale coherent field does exist within the Milky Way
disk. Exploring the second and third conditions are part of
the motivation of the MAGMO project. Any individual star
forming region, a few thousand AU in scale, does not suffi-
ciently represent the large-scale field orientation of a spiral
arm, which is believed to be ∼1 kpc in width (see for exam-
ple underlying image of Figure 8), but collating many such
regions across the spiral arms allows this to be probed (not-
ing that we see two out of the 33 with indications of field
reversals) and the 1720-MHz OH masers represent a small
portion of the overall MAGMO catalogue (which will include
the far more populous main line transitions).
A comparison of the large-scale field orientation re-
vealed by rotation measures (RMs) and the field orientation
probed by masers, within the tangent of Carina-Sagittarius
spiral arm, indicated opposing field orientations between the
methods (Green et al. 2012b). Given the small sample size
of SFR 1720-MHz OH masers and their broad distribution
across Galactic longitude (see Figure 8), examining coher-
ence within any specific region or Galactic arm will have lim-
ited statistical significance. However, we can briefly compare
our in-situ small-scale magnetic field measurements from
SFR 1720-MHz OH maser polarimetry with the large-scale
Galactic magnetic field obtained from the RMs of Galac-
tic pulsars. For consistency with the MAGMO pilot paper
(Green et al. 2012b), we adopt the pulsar RM results of
Nota & Katgert (2010). We only selected the pulsar RMs
with sight-lines passing through Hii regions. This was on
the basis of finding lines that were likely to be influenced
by the same environment as the maser host: pulsar rota-
tion measurements are distance-dependent and represent an
integration across the entire line of sight, hence they are
heavily influenced by any intervening Hii region along the
path, where electron densities will be high. Studies (e.g. Mi-
tra et al. 2003; Harvey-Smith et al. 2011) have demonstrated
coherent large-scale line of sight magnetic fields within Hii
regions, and thus these results enable comparison with the
in-situ small-scale magnetic field measurements from Zee-
man splitting. We note that the pulsar distances reported
in Nota & Katgert (2010) were mostly stellar and kinematic
distances quoted without uncertainties, but we are aware
that the ambiguities and inherently significant uncertainties
associated with these distance measurements will tend to
affect the interpretation of the pulsar RMs. In Figure 8 we
overlay positions and field directions from our Zeeman mea-
surements of SFR 1720-MHz OH maser components on an
artist’s impression of the Milky Way (R. Hurt: NASA/JPL-
Caltech/SSC.), together with the pulsar RM-derived field
directions. The RM fields are represented on the overlay as
lines so as to indicate the integrated line-of-sight nature of
the magnetic fields, with the length corresponding to the
distance to the pulsar. Three out of the eight integrated
sight-lines to the pulsars have fields oriented away from us
(red lines in Figure 8), and five have magnetic fields oriented
towards us (blue lines in Figure 8). This figure shows both
agreement and apparent contradiction between the Zeeman
measurements and the RMs, although it is clear that the
cases of contradiction may be due to the difference in the
maser location and the majority of electrons contributing
to the RM line-of-sight measurement. For example, as per
Green et al. (2012b), we see both positive and negative Zee-
man measurements apparently located within the Carina-
Sagittarius arm, whilst two red and all five blue lines from
RM measurements pass through the same arm. This clearly
needs a more comprehensive (both clustered and widely dis-
tributed) sample of Zeeman measurements and RM field di-
rections to draw statistically significant conclusions across
the Galaxy, which we hope to achieve with the the main
line OH transitions in a follow-up publication.
5 SUMMARY
We have performed a targeted search for 1720-MHz OH
masers towards Southern hemisphere star forming regions,
as traced by 6.7-GHz methanol masers. We report a total
of 51 1720-MHz OH maser detections in the vicinity of the
702 target sources. In addition to 10 new detections and 23
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Figure 8. Left top panel: Distribution of SFR 1720-MHz OH masers from the current study in Galactic longitude and latitude. As in
all panels, red circles denote measured Zeeman B-fields directed away from us and blue crosses denote measured Zeeman B-fields directed
towards us. The broken black line runs through the Galactic plane at latitude 0◦. Left bottom panel: Plot of longitude-velocity (LSR)
distribution of the masers overlaid with coloured loci of the Galactic spiral arms, using the rotation curve model of Brand & Blitz (1993)
and the spiral arm model of Taylor & Cordes (1993) (a modification of Georgelin & Georgelin 1976). Right panel: Positions indicating
field direction from Zeeman measurements of the masers overlaid on an artist’s impression of the Milky Way (R. Hurt: NASA/JPL-
Caltech/SSC.). Red lines represent the magnetic field direction indicated by pulsar Rotation Measure (−RM) observations directed away
from the sun, while the blue lines represent pulsar +RM fields directed towards the sun from Nota & Katgert (2010). The length of the
line shows the distance to the pulsar from the sun, thus representing the entire line of sight which contributes to the RM.
re-detections towards star forming regions, we also report
two new and 14 previously-known masers towards supernova
remnants, and two detections of diffuse OH towards compact
continuum sources. 12 of the 33 star formation masers are
devoid of either 6.7-GHz methanol or 1665-MHz OH masers,
and we suggest that ten of these sources may be associated
with outflow activity from a central exciting source. We also
presented association statistics for 1720-MHz masers with
other maser species including excited and other ground-state
OH maser transitions in the vicinity of their common star
formation hosts.
By utilizing the polarimetric information revealed by
the Zeeman splitting of the maser emission, we determined
the strengths and line-of-sight directions of the in-situ mag-
netic field of the star formation and SNR masers. For each
source we calculated both linear and circular polarisation
fractions, and found (as expected) the latter to be higher; of
those SFR masers with reliably measured Zeeman splitting,
84% exhibited >50% fractional circular polarisation. Com-
parable with previous studies of main line ground-state and
excited-state OH, we found ∼28% of the SFR maser sample
exhibited detectable linearly polarised features, suggestive
of the presence of pi components. Consistent with theoretical
predictions, we confirm no large systematic differences be-
tween the right handed and left handed circularly polarised
flux densities.
We compared the positions and in-situ magnetic field
directions of our masers with previously measured integrated
line-of-sight magnetic fields from pulsar Faraday rotation
measures. We found suggestions of coherence between the
two methods, but conclusions are restricted by the small
sample size and distance errors, and so large-scale magnetic
field structure will be explored further with the larger main
line MAGMO catalogue.
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APPENDIX A: GLIMPSE IMAGES OF 1720-MHZ OH STAR FORMATION MASERS
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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Figure A1. Overlaid positions of maser species and transitions on RGB-composite images of star forming regions obtained from
GLIMPSE survey. Please see Table 6 for references.
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